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INTRODUCTION 
There are many unique aspects associated with Pilot Knob State Park, 
in Hancock County, Iowa. The "knob", third highest elevation in the state, 
was known to pioneer and aborigine as a landmark. Its wooded slopes were 
recognized in early land surveys as a forest remnant on the sea of 
prairies. Local public spirited citizens purchased this land to be pre­
served as a natural area. In a sheltered pocket among the knolls lies the 
only living sphagnum mat in Iowa. It was along its northern border in 
1937 that the red-backed vole was discovered far south of its known 
range (Polder, 1953). 
Objectives of this investigation have been fourfold; (1) to locate 
the range of local populations of the red-backed vole, and appraise their 
possible continuity with others in lavia and adjacent states; (2) to 
characterize the biotic and abiotic factors of the known habitat in Iowa, 
and to compare it with areas where the vole does not occurj (3) to examine 
the possible effects of climatological changes and land usage on the 
distribution of the animal; and, (it) to determine population character­
istics of the species in lowao 
The project, started in June 1961, was initially sponsored by the 
National Science Foundation College Teachers Research Participation Program 
during the summers of 1961 and 1962o Weekly trips, devoted to trapping, 
collecting specimens, and gathering weather data, continued during the fall 
and winters of 1961 through 1963. Field work during the summers 1963 
through 1966 was partly financed by the Iowa State Alumni Foundation. 
Collections of plants, mammals and insects were made; and checklists 
were prepared of flora and vertebrate fauna. Several trapping methods 
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îs'erô utilized, and their efficiencies in small mammal population sampling 
i<3re evaluated. Three i^ eather stations were operated for two to seven 
months in each of three years and the data are correlated vri.th mammal 
distribution and vâth censusing techniques. Local histories were consulted, 
pioneer settlers vjare interviewed and aerial photographs were scrutinized • 
in an evaluation of land usage as it applies to habitat changes. Over 
60,000 trap nights vrare accumulated during the search for the vole and in 
the determination of its relationship to other species. 
3 
HISTORY OF THE SPECIES M IOTA 
The genus Cletliriononys Tilesius, red-backed vole, is circurnpolar, 
inhabiting boreal zones of the Holarctic region» North Americah forms 
range over almost the whole of Alaska, Canada, the colder parts of the 
northern United States, and extend southivard in the mountains to the 
Carolinas and Arizona (Figure 1) (Hall and Kelson, 1959:715). Bailey 
(l897;lli|), who refers to it as Evotonrys, regards the genus as remarkably 
uniform, and the species closely related. The more northern species occupy 
much larger areas than do the southern. In regard to the Holarctic dis­
tribution of C. rutilus, he quotes C. Hart Merriam as pointing out that in 
high latitudes the climatic and general physiographic conditions are com­
paratively uniform, and are not subject to the great and sometimes sudden 
changes vdth longitude that are so frequent in temperate and tropical 
regions* Thus, Hall and Kelson (op. cit*?711-718) now list two major 
subspecies of Co rutilus for most of Alaska and northern Canada, seven of 
C. gapperi for all of central Canada and north central United States, the 
remaining twenty of C. gapperi and five of C, occidentalis in the mountains 
and on the west coast respectively, and six of £• rutilus along the Alaskan 
coasts. It is apparent that subspeciation is more extensive in southern 
isolated areas, especially in alpine habitats of the mountain ranges. 
£. gapperi loringi V, Bailey is the subspecies to "vrtiich Bailey 
(op. cit.;125) assigned specimens from ten localities in North Dakota, 
South Dakota, Minnesota and Manitoba (Figure 1). He describes the form 
as a slender mouse, smallest of the genus, vdth a sharply defined dorsal 
stripe of pale reddish hazel from just back of the eyes to the base of the 
tail. Yifhen the animal is in winter pelage the sides are bright grayish-ash 
4 
N Clethr ionomys ru t i lus  
/ / 
.  C lerhr ionomys occ identQl is  
Ctethr ionomys gopper i  
Clethr ionomys gopper i  lo r inq i  
Figure 1. Distribution of the genus Clethrionomys in.North America (after 
Hall and Kelson, 19^ 9) 
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Trashed \vxth buff, the belly white to creamy white, feet pure v/hite, and 
tail sharply bicolor. Summer pelage is generally darker. In most areas, 
the species is found in cool, moist woods and brush lands; and favors deep 
shade and a cover of leaf litter, tangled weeds and fallen logs. Until 
recently, the southern limit of its distribution in Minnesota extended to 
the Minnesota River where Beer (1953:38U) reported it in Nicollet County. 
Data for the state were summarized by Gunderson and Beer (Figure 2) (1953î 
110). Harvey L. Gunderson, Minneapolis, Minnesota (1962;in litt.) stated, 
"Vve have no records of Clethrionomys gapperi from the southern two tiers 
of counties in Minnesota, although I have spent a good deal of time trapping 
there. We have no records from Iowa in our collection." 
The discovery of the red-backed vole in Iowa, as recorded ly Polder 
(1953:721) and listed by Hall and Cockrum (1953:389), is credited to Irving 
J. Cantrall of the University of Michigan staff. Dr. Cantrall, Ann Arbor, 
Michigan (1962:^  litt,) never published his record. Emmet T, Hooper, 
Curator of Mammals at the Museum of Zoology, University of IZichigan, 
informed the writer (1966;^  litt.) that the two specimens taken bear the 
follo\ving information: 
UMMZ #79900 ad. o^ skin & skull 
Iowa, Winnebago Co., swamo U mi. E, Forest City, 
Dec. 29, 1937, I. J. Cantrall, MZ #71. 
118-32-17-10 
UilMZ #8Iil9U ad. o^  skin & skull 
Iowa, Hancock Co,, 5 mi, E, Forest City, 
Dec. 22, 19i|0, I, J, Cantrall, MZ #387 
116-30-17-11 
The late Lowell S, Miller, former Director of the Davenport (Iowa) 
Public Museum, wrote on 2li August 1953 to Dr, E, R, Hall, Director, Museum 
of Natural History, University of Kansas» A carbon copy of this letter 
Figure 2« Marginal records for Clethriononys gapperi loringi in 
Minnesota and lowa (X = location where specimen was taken, 
after: Bailey, 1897J Gunderson and Beer, 19^ 3? Qrr, 1966: 
in litt.j Beer, 196?:^  litt,; Polder, 1953) (0 = counties 
where Erickson, 1967:in litt., trapped without success) 
(Des Moines lobe after Ruhe and Scholtes, 19^ 9) 
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was furnished to me by Mrs. Blanche T, Miller (widow) (1966:^  litt.). It 
reads, in part, "I have just recently completed five weeks collecting in 
northwestern Iowa ... I have collected 15 specimens of Red Backs . . . . 
These specimens, part of a larger number captured, were preserved as skins 
and skulls; and sold, along with other specimens, by Mrs. Miller (ibid.), 
to Brigham Young University, Provo, Utah, where they bear the BYU numbers 
3816-3830 consecutively (C, Lynn Hayward, Provo, Utah, 1966;in litt.). 
Miller il95hi$59; 1955:122) published the results of this trapping 
expedition of 8 and 9 August 1953 as follows: 
One night trapping in Pilot Knob State Park, where it had 
been reported that the Red Back Mouse had been found, as an 
addition to the fauna list by Mchigan workers, revealed a 
fair abundance of Clethrionomys gapperi. One hundred museum 
special traps were set in the Aspen-Oak forest on the knob of 
the park. 21 Clethriononys, 26 Peromyscus leucopus, 3 Blarina 
brevicauda brevicauda, 2 Sorex cinereous haydeni, and 1 Zapus 
hudsonius were collected with this one night's setting. 
Scott (1937), in an exhaustive perusal of the literature affecting 
Iowa mammals, made no reference to the species within the state. Nor did 
he encounter the vole during his systematic collecting, including that in 
Winnebago and Hancock Counties. 
In Winneshiek and Allamakee Counties (Figure 2) there is apparently 
suitable habitat, continuous up the Mississippi River valley with habitats 
of known population occurrence in Ramsey County, Minnesota. Yet, Hoslett 
(1962;^  litt.) stated that he never encountered the vole during some 30 
years of trapping in these Iowa counties. The species is not mentioned 
in his recent publication (Hoslett, 1965). 
Dr. Milton W. Weller (1962;^  litt.) stated that on 21 November 196l 
he and two students set a few traps on the knob and near the bog in Pilot 
Knob State Park. Three specimens of Clethrionomys gapperi were taken, of 
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"Which one skin and two skulls were preserved for the Iowa State University 
Museum of Zoology. They bear the ISU numbers 71 and 1253. 
A perusal of mammal literature since 1937 has revealed no further 
reference to this species south of the Minnesota River in Minnesota or in 
Iowa. With the exception of recent locality records for other species 
(Polder, 1958) there is a paucity of effort at Iowa mammalian studies. 
The writer attempted to locate specimens in museums of other 
institutions. The institutions listed in Table 1 reported possessing no 
specimens of £. gapperi from southeastern South Dakota, southern Minnesota, 
or any place in Iowa. Except as indicated, no specimens have been taken 
without being preserved; and no persons have been working with the species 
in the areas mentioned. 
In October, 195U, James F. Opsahl, Winona, Minnesota, was accompanied 
by Lowell 8. Miller, nAio told him of the red-backed vole population at 
Pilot Knob State Park, He stated (1966;in litt.); 
I assume the relict population to which you refer is the one 
near Forest City. I attempted to live-trap some of these in the 
fall of ISSh for use in metabolism studies, after I found that ngr 
"regular supply" from Jackson Hole, Wyoming, had been decimated 
by the cyclic microtine crash, I was interested at that time to 
find that the Iowa population had also apparently crashed, 
colleague and I captured only about two specimens in an area 
where he had previously been very successful, and we released 
these, 
Howard Orr, Northfield, Minnesota (1966;in litt.) volunteered the 
interesting discovery (Figure 2) which, to the writer's knowledge, has not 
been published; 
I have some information on the Red-backed mouse, Clethrionomys 
gapperi, in this area. Between I960 and 1963, I trapped about a 
half-dozen individuals. At the time I was looking for Peromyscus 
leucopus, so I did not save specimens. In fact, they were re-
leased alive, at the trap site. These were taken in a sugar-maple 
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basswood stand in Rice County, Minnesota, 7 miles west of 
Northfield .... 
Albert W. Erickson, Minneapolis, Minnesota (1966;in litt.) reported 
that this year his investigators systematically trapped in counties south 
of the Minnesota River 'without success for the red-backed mouse (Figure 2). 
James R» Beer, St. Paul, Minnesota (1967:in litt.) stated that he 
found a red-backed mouse in Dakota County, Minnesota. Precise location 
and dates were not given. 
This is the extent of the information on the range of Clethriononys 
gapperi in Iowa and southern i/Iinnesota. There appears to be a gap of 87 
miles from an isolated population at Pilot Knob State Park, Iowa to either 
of the southern-most occurrences of the vole in Minnesota. The recent 
information is concurrent vdth iny work. 
I 
IX 
DESCRIPTION OF THE AREA 
Geology and Climatology 
Geological and climatological considerations predetermine the edaphic, 
floristic and faunistic factors "which characterize present biotic conmun-
ities. The more significant developments affecting the area under con­
sideration are presented beloYf: 
A major portion of southwestern and south central Minnesota, and 
north central Iowa is a slightly rolling or entirely flat sheet of glacial 
till. In an extensive review of the literature, V/alker (196$) credits Kay 
and Apfel with mapping four glacial stages of the Pleistocene for Iowa: 
The Nebraskan, Kansan, Illinoian, and Wisconsin. Of the latter, four 
substages were proposed by Kay and Leighton (1933), namely: lowan, 
Tazewell, Gary, and Mankato. Through radiocarbon dates of bog sediment, 
detailed information has been presented by Ruhe et al. (1957) and Ruhe and 
Scholtes (1909) indicating the maximum advance of the Des Moines lobe 
(Gary and Mankato drifts) as approximately 1^ ,000 years before present 
(BP). This lobe ice, representing the latest glacial deposition in Iowa, 
left four morainal systems as it retreated (Figure 3), That part 
associated with the Altamont moraine in Hancock County is dated at 11,600-
11,800 years BP, There at the McCulloch peat bog. Lane (1931:167), in a 
study based on pollen analysis, shovred a sequence of upward changes in the 
peat bed which are: (l) spruce forest, (2) mixed fir, birch and spruce, 
(3) birch with fir and oak, (U) oak with birch and grasses, and ($) grass­
land vegetation with two intercalated semi-arid elements indicated by 
major proportions of amaranths. Radiocarbon dates for bog samples collected 
12 
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Figure 3» Map of the Des Moines lobe in Iowa, showing the four laorainal 
systems (after Ruhe, 1952; A = Altamontj Ag = Algonaj B = Bemisj 
H = Humboldt) 
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from Lane's vegetative zones (Ruhe, et al., 19^ 7:68?) are dated BP approxi­
mately (1) 11,660 years, (2 and 3) 8,170 years, and (U) 6,^ 70 years. Lane 
(1931:169) inferred a climatic change from cool, moist of the coniferous 
period to a v/arming trend which accompanied the change to deciduous forms, 
and a gradual desiccation of climate culminating just prior to grass 
dominance. The warm dry grassland climate has been continuous from 6,500 
years to the present. For the same bogs, Walker (1965) determined hill­
side erosion and silt deposition rates. On the basis of sedimentological 
evidence he concluded that the Clarion-Nicollet-Webster toposequence of 
Riecken (1965:59) is the end product of 5,000 years of relatively severe 
erosion on the landscape followed by 3,000 years of minimal erosion. This 
infers a relatively xeric period 8,000 to 3,000 BP vdiich ended vdth the 
formation of the late post-Gary surface and soils under the prairie 
environment. 
During the retreating stages of the Des Moines lobe a series of 
recessional moraines were formed northward into Minnesota. According to 
Schwartz and Thiel (1963:252-328) (Figure U), vrtien the ice stood at the 
position indicated by the moraine south of Ortonville, Big Stone County, 
the water from the ice as it melted flowed toivard the south and east. As 
the ice front melted back again it formed another moraine southeast of 
YJheaton, Traverse County. Thus the water was dammed, by the continental 
divide moraines on the south and ice front on the north, in the vast 
Glacial Lake Agassiz. The outlet stream of this lake, called Glacial 
River Warren, cut Traverse Gap across the divide, and carved out the broad 
Minnesota River valley. Its gradient is slight and comparatively uniform 
from 960 feet at Big Stone Lake to 69O feet at Fort Snelling. The Coteau 
Figure h» Map of the Des Moines lobe, late Wisconsin (Cary-Mankato) 
glaciation (after Schwartz and Thiel, 1963; 1 = Pre-Cary driftj 
2 = Driftless area; 3 = Coteau des Prairies; li = Central low­
lands; $ = Eastern lateral moraine; 6 = Recessional moraine of 
Keowatin lobe) 
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des Prairies, or Highland of the Prairies, extends below the river across 
southwestern Minnesota in a southeasterly direction into Iowa where it 
forms the divide between Missouri-Des Moines and the Minnesota-Mississippi 
drainage basins (Figure Ii). Sluggish streams meander north or south from 
this divide with little evidence of erosive power. Their origins are in 
the kettleholes, swamps, peat bogs, marshes, pools, and shallow lakes which 
overflow. Walker (196^ :10) points to little proliferation of the drainage 
pattern on the Iowa side of the Mankato drift. Flat topography of the 
south central counties of Minnesota are drained by the dendritic pattern 
of the Blue Earth River as it flows northward to join the Minnesota. The 
eastern margin of the Gary drift lies astride the eastern borders of 
Freeborn, Steele, Rice and Scott Counties. Freeborn County has many lakes 
because glacial drift along this eastern divide blocks drainage. The 
Straight River, oriented north and south, and draining the eastern edge of 
the moraine in Steele and Rice Counties, has cut through the moraine, well 
below Owatonna, to join the Cannon River which flows eastward to the 
Mississippi, Southeastern counties are outside the Des Moines lobe, in 
the pre-Cary drift of the Nebraskan glacier. ï/inona, Houston and parts of 
bordering counties are in the Driftless Area, characterized by limestone 
caves, sinkholes, and limonitic iron ores. The pre-Cary and Driftless 
areas, being older, are more deeply eroded by the Ihitewater, Cannon, 
Zumbro and Root River systems which empty into the Mississippi River. 
Their valleys are widely terraced with ancient floodplains of glacial sands 
and gravel. Uplands are as flat or gently rolling as the topography of the 
Gary drift. Only as one approaches the river valleys is there an abrupt 
descent to their erosional levels* 
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Vegetation 
Wright et al. (1963:1373) designated all of Iowa except the extreme 
northeast as prairie» A detailed picture (Figure 5) of original foresta-
tion in the state was published by The Committee on Forest and V/asteland, 
Iowa State Planning Board, from data compiled between 1832 and 1859. Oak 
(Quercus )-hickory (Carya) forest occurred in the northeast and southeast 
where it was clearly associated with river valleys. In contrast, the Des 
Moines lobe was characterized by large expanses of prairie extending to 
the west. This distribution of vegetation bears a close relationship to 
the climatic variation as shown by the annual rainfall map for Iowa 
(Figure 6) after Shaw and Waite (196^ :32). Weaver (195^ :271) showed that 
the true climax prairie was very stable under the prevailing climate in 
western Iowa. Weaver and Albertson (19ii0:600) found that the prairies of 
Iowa were stable even to the extreme drouth conditions of 1933-19^ 0. 
Although prairies persisted, McComb and Loomis (19iiU:it8, 59) claimed 
evidence that Bur oak (Quercus macrocarpa) has invaded established prairie 
within the last one hundred years, and concluded that the persistence of 
oak through the severe drought of 1930-1939 indicated that oak-hickory 
forest is the true climax vegetation, while prairie is a subclimax, in 
Iowa, Conversely, an early history (Union Publishing Co., I88ii:80) states; 
It has, indeed, been estimated that seven-eighths of the sur­
face of the State was prairie when first settled. ... The real 
cause is the prevalence of the annual fires. ... The encroach­
ment of forest trees upon prairie farms, as soon as the bordering 
woodland is protected from the annual prairie fires, is well 
known to farmers throughout the State, 
Shimek (191)8 *159-168) in a classical explanation of the prairie problem has 
resolved these extremes by emphasizing the interaction of the factors 
Figure 5» Original forest cover in Iowa (A A = Des Moines lobe 
of Cary-Mankato drift, after Ruhe and Scholtes, 19S9) 
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Figure 6. Map of annual rainfall distribution in Iowa (after Shaw and Waite, 196k) 
(A A = Des Moines lobe of Cary-Mankato drift, after Ruhe and Scholtes, 1959) 
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involved: geological formation, topography, exposure and radiation, soils 
and subsoils, rainfall and seasonal distribution, drainage, soil moisture, 
humidity, temperature and fluctuations, drying winds, évapotranspiration, 
root systems, characteristics of species and stages of development, seed 
source and dispersal, border fluctuations, fires, grazing, and aborigines. 
Whitaker (1953) regards climax as a relative environmental gradient of 
vegetational response, to the same factors as given by Shimek. 
The prairies of southern Minnesota have been mentioned (Schwartz and 
Thiel, 1963) as covering the relatively flat area from the Minnesota River 
to the swampy divide along the Iowa border « Western Minnesota above the 
river was also prairie. Its extension onto the pre-Cary drift to the east 
is broken only by the tenuous, wooded corridor of the eastern lateral 
moraine (Figure 7) (Trygg, I96U). Scattered remnants of hardvrood forests 
persisted on the knolls and in the vicinity of lakes and swamps of Freeborn 
County, and along the eastern side of the Straight River in Steele and Rice 
Counties. In the pre-settlement era oak (Quercus )-hickory (Carya)-aspen 
(Populus) forests of the Mississippi valley and its tributaries extended 
onto the uplands of eastern and southeastern Minnesota, separated by some 
50-60 miles of prairie from the Des Moines lobe edge© 
Topography and Soils of the Altamont 
From western Worth County and eastern Winnebago County down through 
eastern Hancock County the eastern morainal belt consists of the Bemis and 
Altamont systems (Ruhe, 1952)» I have summarized MacBride's (1903) 
description of the topography as follows: 
One irregularly placed knob succeeds another across the plain. Their 
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Figure 7. Natural vegetation of Minnesota in the pre-settlement era 
(after Trygg, I96U) 
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gravelly summits are barren and unfit for cultivation. Between them, peat 
filled depressions have no interrelation. They consist of lakes and 
marshes. Whereas the eastern margin of the moraine is relatively straight 
successive minor recessions and returns of the glacier's edge were 
responsible for the irregular inner margin forming the Lime Creek drainage 
The creek rises in Minnesota, flovra nearly straight south in the eastern 
tovmships of V/innebago County and drains the Altamont imperfectly. At 
Forest City, the creek (renamed Winnebago River) cuts through"the moraine 
forming a narrovf valley. The river forms a loop v.1iich, with its eastern 
branch, encloses a "great circle" of knolls approximately 1$ miles in 
vddth. Pilot Knob, highest of the group, rises nearly 300 feet above the 
"waters of the river and is lk$0 feet above sea level. It is composed 
of pebbly drift which through erosion has exposed a gravel-capped, some-
T/hat barren ridge. Extensive wash-deposits of gravel beds containing many 
boulders are found in pockets at the base of this and other mounds to the 
west. Limestone, which outcrops in Cerro Gordo County, underlies this 
drift by only 100-120 feet. 
The soils in most of Winnebago (Stevenson et al., 1922:7-9) and 
Hancock (Brovm et al., 1935^ :^ 9) Counties are Clarion loam of light-buff 
silt, clay and about twenty per cent sand and gravel. It is highly 
calcareous except in the knolls where much lime has been washed out and 
the surface soil is acid. This rolling phase is subject to extensive 
erosion and drouthiness. Removal of vegetation is discouraged. 
Settlement and Land Usage in Northern Iowa 
During the 1850's settlement began in the northern two tiers of 
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counties of the Gary drift. An unusually detailed history and description 
of the area and biographies of its people may be found in the county 
histories (Andreas, 187^ J Union Publishing Co., I88iij Pioneer Publishing 
Co., 1917ab). Significant observations follow; 
Essentially there were no public lands available to settlers. The 
sparse population by 1865 was attributed to the fact that the land was 
held by speculators at too high a price, whereas free western lands were 
available to homesteaders, so the tide of migration passed through Iowa. 
The first settlers built their cabins near the Winnebago River to be near 
water and wood. The river, 60-100 feet wide, served as water power for the 
first flour and saw mills and as a navigable stream for lumber rafts and 
small boats. Within the great circle of its course, the knolls were covered 
with oak-hickory forest. This included all of Mount Valley tovmship, the 
east one-half of Norway and Center and the east one-third of Forest (in 
V/innebago County), and the north one-half of Ellington and the northeast 
one-quarter of Madison (in Hancock County). The forested areas, though 
settled first, were cleared slovÂLy. It was a common sight to see men with 
hands so deformed by using the axe and grub hoe that they couldn't 
straighten their fingers. Early railroad crews, sent into the unoccupied 
area of woodlands, removed quantities of timber for railroad ties. Swamps 
were prevalent between the knolls. The office of drainage commissioner was 
an important provision in the organization of the northern counties. To 
the northwest, west, southwest and south of the Winnebago River was all 
prairie except for a few isolated woods at Harmon Lake and Coon Grove in 
Winnebago County, and at Crystal Lake, Eagle Lake, Twin Lakes and along 
the Iowa River in Hancock County* Eastward beypnd the moraine in Worth 
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County was prairie. The knolls of the Altaraont southwest of the "great 
circle" formed by the Winnebago River, were treeless. Later, settlers on 
the prairie purchased or leased small (five to twenty-acre) timber lots 
to provide fuel, posts and building materials. Most of them planted a 
grove of trees around their buildings and farm lots. Bailed prairie hay 
was one of the most important early products to be shipped to the eastern 
cities. Annual fall prairie fires were stopped at the marshes and river 
bottoms of the "great circle". The woods within were undisturbed by fires. 
Instances are recorded of individuals who were killed by lightning which 
also started fires on the prairie. Interestingly, the great grasshopper 
plagues of 186? and 1871; are said to have stopped at the marshes. Culti­
vation of the land progressed steadily. One farmer commented that he 
plowed the prairie sod with a team of horses. Another said, "The plow 
scours easily, due to the sand in the soil." Leonard Nelson, an elderly 
farmer southeast of Forest City (1966:personal communication) remarked, 
"We plowed the sod with three horses, and not particularly good ones at 
that. On ny uncle's farm in Dakota we had to use six horses." 
Most of the former marshes are now well drained agricultural land. 
Only a few scattered remnants of the forest remain within the bend of the 
Winnebago River; and most of these are relatively open from grazing. 
Pilot Knob State Park 
In the northeast corner of Hancock County, Iowa, on 368.8 acres 
legally described as the northwest one-quarter of section three and the 
northeast one-quarter of section four, with two adjacent strips, in town­
ship 97 north, range 23 west, lies Pilot Knob State Park (Figure 8). A 
Figure 8© Aerial photograph of Pilot Knob State Park and contiguous woods 
in 1958 (couTtesy of Uo S» Soil Conservation Service) (Top of photo­
graph is north} Scale; 5 inches - 1 mile) 
A 
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comprehensive description of its scenic wonders may be found in the lov/a 
State Board of Conservation booklet (1925). 
From the time of early settlement until the turn of the century this 
area was variously grazed and lumbered. The top of the knob had been 
denuded of trees, but its slopes remained forested with young growth and 
brush. Hiram Peterson purchased the western quarter-section in 1910; and, 
with his son, cleared a twenty acre tract in the east central portion 
(Helmer Peterson, 1966;personal communication). Together they erected a 
barn of field stone, and a frame dwelling on the knoll in the northwest 
corner. (These buildings are still in use as garage and home, respectively, 
for the park manager.) A number of non-native conifers. Eastern ?/hite 
pine (Pinus strobus), Scotch pine (Pinus sylvestris). Red pine (Pinus 
resinosa) and Austrian pine (Pinus nigra) were planted around the buildings. 
Helmer lived at the site until 1917 when it was rented by Arthur Harrison 
for two years and then sold to Henry L. Taylor, who later sold the southern 
portion to a Mr. Chance. R. C. Plummer, who owned the Knob, Taylor and 
Chance permitted the free use of the area for recreation. 
As early as April 26, 1919, acquisition of the area was considered 
by the Iowa State Board of Conservation (1919:18) on recommendations by 
several public-spirited citizens (o£. cit.;123-129) including Dr. Thomas 
H. McBride, president of State University of Iowa, and Eugene Secor, a 
trustee of Iowa State College. On August 1, 1920, a descriptive report 
(Iowa State Board of Conservation, 1925:33-38) was filed by L. H. Pammelj 
and a resolution adopted was by the board asking that this park be 
created. In the same reference (op. cit.:5-6) Dr. Pammel states: 
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Some time earlier during the year a meeting of citizens 
was addressed on the invitation of Messrs. Thompson^  Thorson 
and others to create an interest in the acquisition of the 
park. At a meeting held in Ames on December 1920, Thorv/ald 
Thorson, M. M. Thompson, Emery J. Oleson and 0. E. Gunderson. 
appeared before the board offering a considerable donation of 
money to purchase a part of the park tract. On June 18, 1921, 
the resolution of November 19, 1920, -was set forth, stating 
that 120 acres of land would be donated by the citizens of 
Winnebago County to purchase the.tract. The transaction com­
pleting the purchase of the tract was carried out in 1921 and 
Mr, H, L. Taylor was appointed custodian on May 9^  1922. 
The list of over 160 donors, each of whom paid for one-half or a full 
acre, is exhibited in the Tiraberland Museum on the farm of Arlo C. Johnscn, 
two and one-half miles south southeast of the park. 
Pilot Knob State Park was dedicated on September 11, 192k) in the 
words of Dr. Pammel (ibid.) "... for the free use of the public, that 
its scientific and historical features shall be preserved forever. It is 
to be hoped that the distinctive scientific features may serve as a 
lesson in conservation." 
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VEGETATION STUDIES 
Objectives 
In central lîinnesota, Gunderson (1950, 1962) described the habitat 
preference of Clethrionomys gapperi as favoring cool, moist woods — 
either deciduous or coniferous. In North Dakota, Bailey (1926) found the 
species in brushy thickets out on the prairie as well as in brush near 
lakes and streams. Presence of the animal as far south as Iowa poses a 
problem of interpreting the role of vegetation in its habitat requirements. 
Historically, agricultural and other disturbances have left some areas in 
successional stages. The conversion of prairie to woodland has been 
discussed by Aikman (1928), McComb and Loomis (l9iiU) and Shimek (19ii8). 
It appeared desirable to determine at Trfaat time in the normal succession 
brush develops that is suitable habitat for the vole. In the center of 
the park an old-field afforded an opportunity to initiate studies which 
eventually will yield data on the speed and composition of serai stages 
of the deciduous forest climax. Accordingly I sought: 
1. To characterize the flora of grasslands and forests of the study 
areas with respect to the composition, abundance and dominance of species. 
2. To quantitatively compare vegetative associations in which the 
red-backed vole is found with those in vAich it is not found. 
3. To trace successional changes in an old-field study area vdth 
respect to invasion by woody-stemmed plants. 
ii. To compare the efficiency of certain investigational techniques 
used as a basis in describing the study areas. 
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Review of Literature 
Species composition 
Vegetation at Pilot Knob State Park and the surrounding counties has 
previously been described in county histories (Andreas, 1875; Union 
Publishing Company, iQQh', Pioneer Publishing Company, 1917ab), Enumeration 
of species was chiefly by common names. One of the earliest records of 
scientific identification appears in the Iowa Geological Survey report for 
1902 v/here MacBride (1903:110) acknowledged his indebtedness to B. Shimek 
for the preparation of a list of native trees. Later, Famrael (1925) 
prepared several lists of trees, shrubs and herbaceous plants; although 
there are serious contradictions in his descriptions of locations. In 
1951; the belated discovery of a typical boreal floating-mat Sphagnum bog 
(Grant and Thorne, 1955) accompanied the most comprehensive vegetational 
study in that portion of the park. An annotated list of 75 species of 
vascular plants and nine species of mosses was given. Numerous species 
listed are exceedingly rare or new to the state. 
Methods 
Costing (1956) devoted two chapters to a well-organized discussion 
of various quantitative methods of vegetational analysis. He stressed 
that the major concern is to get adequate information with a minimum of 
effort. From his extensive bibliography I have summarized the following; 
1. Circumstances and objectives determine sample size, shape and 
number. 
2. Rectangular units are significantly more efficient than squares 
of equal area. 
32 
3. The best estimates of populations are obtained Viten long plots, 
or transects, cross contours and vegetational banding. V/hen alternate 
segments are omitted, the precision of sampling is hardly impaired. 
U. Species:area curves are useful in determining the number and 
size of quadrats for adequate sampling. For example, the number is con­
sidered adequate vAien a 10 per cent increase yields no more than 10 
per cent more species, 
5. Distribution of quadrats must account for variation in soils, 
drainage and topography. Stratified sampling, to insure variability of 
species and numbers, is superior to random sampling. 
6. Line intercepts and point quadrats are useful in dense stands 
•with uniform croim diameter. 
7« Qualitative characters include grouping, distribution, stratifi­
cation and periodicity, 
8. Quantitative characters indicate scales of abundance, density, 
frequency, constancy, fidelity, cover and space. Data may be absolute, 
grouped in classes or expressed as per cent of total, 
9, Physiognomic characteristics such as life-form and leaf-size 
are useful indicators of climate. 
10. A community coefficient, and similar indices, compare communities 
in terms of the various measurements. 
The lack of standardization of methods is attributed by Daubenmire 
(195&) to four major problems; 
1. Objectives of investigators differ "with their professions and 
purpose. 
2. All categories of plants are not equally amenable to appraisal 
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by the same technique, 
3. There is a difference in outlook among investigators, especially 
in the dynamic versus the static viewpoint, 
li. There has been a perennial quest for new methods. 
He considers that most "new" techniques either are modifications of 
old ideas or are rediscoveries. It is important, then, to choose a method 
that will give accurate and meaningful data with a minimum expenditure 
of time. 
Vegetational Sampling Areas 
Along the northern border of the western half of Pilot Knob State 
Park there extends a forest strip approximately 1900 feet east to west by 
UOO feet north to south (Figures 8 and 9), This Quercus-Populus-Fraxinus 
association represents second groivth timber #iich has developed since the 
area was cleared in the late l800's. Remnants of older trees lie amid 
Rubus and Ribes entanglements, while standing dead trees support massive 
vines of Vitis and Parthenocissus, The red-backed vole frequents the 
sparse litter on this forest floor. 
Immediately south of the woods, and separated from it by a narrow 
camp road built in 1962, is an open field approximately 2100 feet east to 
west by $00 feet north to south (Figures 8 and 10), This area of many 
small knolls and ravines was cleared by the Petersons and planted to 
crops in 1912-1913. Park records, shown to me by the manager (Vern 
Haufle, 1966;personal communication), indicate that after 192^  the first 
custodian, Henry Taylor, planted corn and other grains as food for wild­
life, Sometime prior to 1955 the area was planted to Timothy (Phleum 
Figure 9. Forest study area along northwestern border of Pilot Knob 
State Park (view from the south across the old-field) 
Figure 10. Old-field study area in west central section of Pilot Knob 
State Park (view from the southwest comer; southern ecotone is 
along the right) 
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pratense) and Alfalfa (MedicaRo sativa ) and vfas allowed to revert to 
grassland. During 1955-1962 the sixth park manager, Howard Coon, had the 
hay removed annually as a precaution against accidental grass fires. 
Annual spraying for noxious weeds was also a part of management policy. 
The author prevailed upon the State Conservation Commission to allov/ this 
old-field to return to forest by natural reseeding from the surrounding 
woods. Accordingly, mowing was discontinued after I96I, and weed spraying 
was discontinued after 196L. A part of this study follows the succession 
of woody-stemmed plants invading the area during the years I963-I966, 
The meadow vole (Microtus pennsylvanicus) is found in this area, 
Methods 
To facilitate recognition of plant species for concurrent vegetational 
analysis, a collection was made of those forms most commonly encountered. 
The list. Table 2 (nomenclature after Gleason, I963), is tentative but 
it may prove useful to future investigators. For simplicity further 
reference to plants in the frequency tables will be given only to genus. 
In each study area, eleven, permanent, parallel, north-south lines 
were established for vegetational analysis as well as for trapping studies 
(Figure 11), Line number one was arbitrarily set on the old-field in 
prolongation of the first line along the western edge of the woods on the 
north. Successive lines to the east, at 100-foot intervals, were laid 
with compass and transit. Thus a stratified random sampling system for 
quadrats and transects was based on the lines. Two common analytical 
methods were used during June and July of 196h, and an innovation was 
introduced for use on the old-field during 1963-1966, 
Figure 11. Vegetational sampling areas in the forest and old-field at Pilot 
Knob State Park (showing: Location of lines for quadrats and transects 
Instriment shelter stations 1 and 2, Scale; 1 inch = l60 feet) 
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Canopy-coverage method 
Due to variation in topography and soils, the desired homogeneity 
(Daubenmire, 1959:^ 7) of sampling units was unattainable. For convenience 
the Daubenmire method was modified by the use of a larger plot frame v/ith 
an area of l/l6,000th acre. The square device measures $0,2 cm on a side, 
compared to the 20 X $0 cm for Daubenmire's frame (OD. cit.;b8). In both 
the wooded and the old-field study areas, along each even-numbered line, 
forty evenly-spaced plots were sampled. Each plant taxon was evaluated 
as to its percentage coverage and placed in one of six classes as follows: 
Per cent Coverage 
Class Range Midpoint 
1 0-$ 2,5 
2 5-25 15 
3 25-50 37.5 
k 50-75 62.5 
5 75-95 85 
6 95rloo 97.5 
A table of both presence and degree of importance (the class) of 
each species in each plot was prepared in the field. From it the average 
per cent canopy coverage (c) for all plots in the stand was obtained by 
dividing the total number of plots into the sum of the products of 
frequency times midpoint for the class for each taxon in each plot* 
Per cent frequency (f) of occurrence was obtained by dividing the total 
number of plots into the number of plots in which each taxon was found» 
In both instances the word "frequency" is meant to indicate the number 
of plots in which the taxon occurs* 
Ten by ten foot quadrats 
Along each of ten lines in the old-field, six 10 X 10 foot evenly 
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spaced plots were laid "vriLth stakes and string. In the field a presence 
table was compiled for all species in the sixty plots, and the frequency 
of plot occurrence for each species was calculated. Also, in each plot, 
actual number of trees in each species vras tabulated. 
An indication of species importance was obtained by estimating, to 
the nearest five per cent, the percentage coverage of each of the three 
most dominant species based on area covered. Relative coverage of the 
dominants then was calculated for all plots. 
Belt transect 
A tabulation of all woody-stemmed plants, by species, was made along 
belt transects superimposed on the first ten lines in the old-field during 
the years 1965 and 1966 (Figure 12), During 196^ -1966 belt transects 
were run in each of the ten intervals between pairs of lines. In the 
first year, 1963, a trial run of six random north-south belt transects 
was conducted. 
The large ends of two, twelve-foot, bamboo fishing poles were over­
lapped four feet and securely tied such that the total length was exactly 
twenty feet. A belt transect was established by holding the pole 
horizontally with its center over the line as one walked. Counting of 
plants occurred as each individual item was passed by the pole (Figure 
13). Vines and bramble stems were only listed as present. Trees and 
shrubs were classified into three height categories; (l) below 18 inches, 
(2) between 18 and 36 inches, and (3) over 36 inches, A 36-inch dowel-rod, ' 
marked at its center, served as a quick measuring reference and for use 
in probing dense cover. 
Figure 12. Belt transect line across old-field at Pilot Knob State Park 
(view from the north along line number three) 
Figure 13» The author censusing woody-stemmed plants along a belt 
transect in the old-field at Pilot Knob State Park (view from the 
south toward forest stu<^  area) 
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Forest survey 
Aside from the vegetational analysis mthin the park, a survey was 
made to determine the loss of forests in adjacent areas. Mount Valley 
Township (T-98 N, R-23 W), Winnebago County, occupies most of the central 
portion of the "great circle" formed by the two branches of the Winnebago 
River. Aerial photographs of the township for the years 1939 and 1965 
were made available by the USAS OS office in Thompson, Iowa. Both sets 
of photographs were taken variously during July and August in each year. 
All wooded areas were carefully measured with a special ruler scaled 
(8 inches = 1 mile) to the photograph, and the changes in forest cover 
were noted. 
Results 
Forest survey 
Mount Valley Township has been variously described (Pioneer Publish­
ing Company, 1917a:119j Trygg, 1961:; Paramel, 1925) as two-thirds forested 
and one-third swampland in the presettlement era. Since then, most of 
the woods have been cleared and the remainder pastured. Areas occupied 
by trees in 1939 measured 1,605 acres, or 6,97 per cent of the 36 square 
miles. In 26 years of increased agricultural activity, 382 acres of trees 
have been cleared leaving 5*31 per cent of the township wooded as of 1965. 
Except for individual trees around farmsteads, no areas have been replanted 
The marshlands are nearly all drained and under cultivation. 
As recorded in county histories (Andreas, 1875? Union Publishing 
Company, l88iij Pioneer Publishing Company, 1917ab) early settlers reported 
that there were no native maples (except Acer negundo) in the wooded area 
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mthin the "great circle". This strange fact was confirmed by several 
elderly natives whom I interviewed. Each volunteered the information that 
the species were sometimes planted in farmsteads and communities, but had 
never been seen in any wooded area in the Pilot Knob vicinity. Shimek 
(MacBride, 1903) records that Soft maple (Acer saccharinum) was frequently 
planted, and that Hard maple (Acer scccharum) was only in Forest Tcv.nship -
even there it was rare. This location is west across the river from the 
"great circle". Red cedar (Junioerus virginiana) is recorded as the only 
native conifer. 
Near the Pilot Knob manager's residence the first introduced tree 
species were pines (Pinus strobus, P. resinosa, P. sylvestris, P. nigra, 
and P. poncerosa) and iVhite cedar (Thuja occicentalis) planted by the 
Petersons, 1912-1913 (Helmer Peterson, Forest City, 1966:personal 
communication). The first park custodian, Henry Taylor, planted five 
Hard maples (Acer saccharum) in the west campsite, 1921-1925 (Vern Haufle, 
park manager, 1966:personal communication). Scattered seedlings from 
both groups have become established. Since then, park management policy 
has added border plantations of Honey locust (Gleditsia triacanthos), 
Soft maple (Acer saccharinum), additional pines (as before) and Sycamore 
(Platanus occidentalis). 
The causal organism (Chalara quercina) of oak wilt has destroyed 
large numbers of oak trees in the park. In several areas surveyed, Young 
(19148:22) found the proportion of dead trees as follows; 19*9 per cent of 
2033 Quercus macrocarpa, 28.3 per cent of 300 Q. alba, 52.9 per cent of 
Qlh Q. borealis and 55.b per cent of I688 Q. ellipsoidalis. He concluded 
that the fungus infection is most destructive on species of the red oaks. 
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Coverage and frequency-
Grassland The old-field is presently dominated by grasses, Poa 
pratensis and Agropyron repens, as shovm by the results of two methods of 
determination given in Table 3. Remnants of hay and pasture crops are 
evident in the frequency of Trifolium spp., Phleum pratense, Medicago 
sativa and Melilotus alba. During the summer the most prominent tall 
forbs included Pastinaca sativa, Solidago spp., Asclepias syriaca, Circium 
arvense and Circium vulgare. 
The two methods, canopy cover and 10 x 10 foot quadrats, compare 
favorably in the relative order of frequency of the species tabulated. 
However, the prominence of an uncommon species is overemphasized in the 
10 X 10 foot quadrats where its inclusion in only one plot is represented 
by a frequency of three per cent and two per cent, respectively, compared 
to 0.5 per cent in the canopy cover results. It appears that the latter 
gave a greater precision of relative position of a species, although its 
200 plots sampled only 0.118 per cent of the area compared to 1,29 for the 
60 plots of the 10 X 10 foot quadrats. As expected (Daubenmire, 19^ 9) 
with the larger-sized plots, there was very little difference in canopy 
coverage or frequency whether 30 plots or 60 plots were used. Thus, 
within limits, a decrease in number of plots or in the size of plots 
effects considerable saving of time without materially affecting the 
relative position of the more common species. 
A list of present dominants fails to characterize a major plant 
community with respect to the nature of changes in floral composition, 
' especially seasonally. In addition mary prominently observed, but infrequent, 
species v/ere missed by both methods of censusing: Andropogon scoparius. A, 
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gerardi, Sorghastrim nutrans, Baptisia leucantha. Verbena hastata, Verbascum 
thapsusj Ratiblda pinnata and Rudbeckia hirta. The number of plots required 
to guarantee inclusion of all species is prohibitively large compared to 
the time consumed (Costing, 1956:l4ii). Beyond the first 30 species (Table 
3) the frequency dropped below one per cent, such that order of position 
from these data is meaningless. An annual listing of additional species 
present would be sufficiently informative to characterize the nature of 
changes. The significant invasion of woody-stemmed plants is discussed 
under the belt transect method. 
Forest In the woods to the north of the old-field, only the 
Daubenmire (1959) method was employed to determine the relative canopy 
coverage and frequency of plants. Past disturbance of the area is evident 
in the open nature of the woods as shovrei (Table ij) by the high percentage 
of shrubs (Corylus, Ribes, Rhus, and Cornus) and of the Aspen (Populus) as 
compared to the expected dominant (Quercus)» In the woods the existence 
of several strata accounts for the presence of more species than in the 
old-field. The number is enhanced, however, by the invasion of crop 
plants (Phleum, Poa, Melilotus and Trifolium) and by other species more 
commonly found in grasslands. 
Vi/hereas frequency of occurrence in plots gave an indication of distri­
bution, the annual census of woody-stemmed plants measured the degree and 
rate of invasion of the old-field by trees, shrubs and vines. In 1963 the 
trial run of six randomly spaced north-south lines yielded UO Fraxinus, 28 
Crataegus, 20 Populus, 12 Prunus (plum), 9 Prunus (cherry), U Ulmus and 
2 Celtis for a total of 11$ trees on 1.^ 9 acres, or 72 trees per acre. 
Nineteen Rhus glabra and 1$ Vitis riparia were also counted. Approximately 
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12 per cent of the total area was censused in one and one-half hours by-
one person. 
A marked increase in number of plants and in number of species is 
demonstrated by the censuses, taken in the 10 intervals, during 196h-1966 
(Table $}, Height classes, given for the six most numerous tree species, 
indicate the rapid grovrth of seedlings and the annual increase. Results 
for the lines differ somevAiat from those for the intervals during 1965-
1966. This reflects encroachment of the ecotone at the edges of the old-
field. Seeds from peripheral woods provides a high concentration of young 
plants in the immediate vicinity of their sources. The variability of 
seed source and dispersal, topography, soils, and weather contribute to a 
mosaic pattern of vegetation (Whitaker, 19?3). Numerous large elms border 
the eastern edge of the field (Figures 10 and 11). Frequent easterly ivinds 
in the spring facilitate westward dispersal of elm seeds which ripen and 
fall in early May. Consequently the majority of elm seedlings are well 
scattered over the eastern one-third of the area. Several large ash trees 
are located on the knoll outside the southv/est comer of the field, and 
also along the northern border (Figures 11, 12 and 13). Ash seeds ripen 
in late spring and may persist on the trees through the winter. Seed 
dispersal over the southwest quarter of the area is facilitated by south­
westerly summer winds, and along the northern strip by fall and winter 
winds from the northwest. Surprisingly, the young ash trees are quite 
evenly distributed throughout most of the old-field. The same is true 
for hawthorn, plum, the cherries, dogwood, grape and ivy. Most of the oai 
seedlings are concentrated along the southern border, presumably where the 
acorns were buried by chipmunks and squirrels from adjacent forest sources. 
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Near the center of the southern border an extensive patch of sumac borders 
the woods. At the beginning of this study a permanent trapline was 
established in the grass along its edge. At the conclusion of the study 
the sumac v/as six to seven feet tall along the same line, and was spreading 
extensively into the field. 
Because of the proximity of a seed source, the rapid increase of 
woody-stemmed plants indicates that the old-field could have become 
reforested earlier. After cultivation of the area ceased, annual mowing 
of "hay" probably eliminated young trees and allowed prairie grasses and 
forbs to become first established. Periodic spraying of certain noxious 
"weeds" further inhibited the encroachment of woods. With the cessation 
of these management practices the succession to a forest stage is progress­
ing rapidly. 
%ereas the concept of a belt transect has been commonly employed, the 
innovation of establishing an area by walking with a pole effects a great 
saving in time. Tabulations included 15 trees and U shrubs (in three 
height classes), 3 vines and 2 brambles. The time required in the field 
for two persons amounted to three hours in 1961;, four hours for the lines 
and three and one-half hours for the intervals in 1965, and approximately 
six hours on each type in 1966. I did a few of the lines alone in 1966» 
Thus a UO per cent sample was taken by two persons in approximately one 
day on a 12 acre tract. Additional species would not materially have 
affected the time, which depends more on total count (or density) than on 
number of categories (diversity). Few species were missed in this size 
of sample. 
The counting is simple, easy and precise. In dense forbs the pole 
may be dropped on contact and then moved over each taxon as it is tabulated. 
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One or more three-foot dovrel stakes are useful in outlining small areas 
as the pole progresses. 
Annual census differences are due to three major causes: (1) increase 
of new seedlings, (2) changes in category because of annual growth, and 
(3) losses attributable to diseases, spraying, browsing by deer or clipping 
by small mammals. 
Where enumeration of individuals and species is the prime requisite, 
this method is advantageous» In minimal time a reliable estimate can also 
be obtained using standardized pacing along non-established random lines o" 
That is, one can merely walk toward a goal on the opposite side of a field. 
An automatic area is established by the distance traversed and the width 
of the strip. Average number of trees per acre is readily calculated, A 
shorter pole can be used in dense brush or woods. Distribution of taxa 
can be represented by cover maps or descriptions based on data from each 
line, especially if the lines are stratified samples. 
If data from small samples are extrapolated to represent a larger area, 
the results can be misleading. For example, in 196it when the 1,29 per cent 
sample of the 10 x 10 foot quadrats (Table 3) is expanded to the 20 per 
cent base of the belt transects (Table 5), the number of trees compares as 
follows • 
10 X 10 Quadrats Belt Transects 
1,29# base Converted to 20^  20% base 
Fraxinus pennsylvanica 5l 791 LOO 
Ulmus americana lU 217 l66 
Populus tremuloides IL 217 1$ 
Quercus macrocarpa 10 1^ 5 1$ 
Crataegus sppo 7 108 70 
Quercus rubra 1 16 3 
3uglans nigra 1 16 0 
Rhus glabra 26 i|03 16 
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It has been noted that quadrats can miss some species (Table 3: bassv.'ood, 
plum, cherries and hazelnut). From the above comparison it is also obvious 
that an inadequate number of quadrats exaggerated the enumeration of all 
species. It would require approximately 16 times as many quadrats to 
obtain an area equal to that in the belt transect. Since the initial time 
required for the quadrats was greater than that for the transects, a 16-
fold increase'in effort with no apparent increase in accuracy would have 
no advantage. 
As an indicator of number of individuals, density, number of species 
and distribution of species this modified belt transect method offers the 
advantage of simplicity, accuracy and a saving of time» 
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ABIOTIC FACTORS 
Objectives 
The environment is a complex of physical as well as biotic factors 
which interact with each other and upon the flora and fauna. Billings 
(1964) has represented the scope of this relationship by a wheel showing 
lines of interaction, the complexities of which are as yet impractical to 
measure under natural conditions. Effects of individual factors are diffi­
cult to demonstrate; but, under controlled conditions, variability of the 
factors can be measured and associated with presence or absence of biota. 
The purpose of this phase of the study was to determine whether climatic 
differences existed between areas where the red-backed vole is found and 
vdiere it is apparently absent. A forest and an old-field were compared with 
respect to differences in the following physical factors as possible influ­
ences on the presence of Clethrionomys gapperi; temperatures above and below 
ground level, light penetration at several levels, humidity and radiation. 
Review of Literature 
Temperature is regarded as a major factor limiting the distribution 
and controlling the activities of animals (Prosser and Brown, 1962:233). 
Upper limits are known to be more quickly critical than are the lower limits. 
Because the genus Clethrionomys is boreal, there is the possibility that its 
southern distribution may be limited, in part, by the inability of the vole 
to adapt to higher temperatures, Odum (1959:100) suggests that a good way 
to determine whether a factor is limiting to an organism is to study its 
distribution and behavior at the edge of its range. He also warns against 
52 
assuming that temperature is limiting when other unmeasured factors may 
be important. 
On the George Reserve in Michigan, Pruitt (1959) related maximum and 
minimum soil temperatures and soil moisture to the presence of small mammals 
in seven habitat types. He found that Peromyscus leucopus and Peromyscus 
maniculatus alternated in the use of some areas as the temperature and soil 
moisture varied seasonally. Populations of Blarina brevicauda were found 
only under conditions where the soil moisture level allowed the air in the 
burrows to be saturated, and the limits of temperature tolerance were not 
exceeded. He concluded that annual and periodic fluctuations in numbers 
are related to the distribution determined by variations in temperature and 
moisture. When populations are reduced by the interaction of several agen­
cies, the remnants survive in the most favorable habitat. 
Under laboratory conditions Wiegert (1961) has shown the optimal temp-^  
erature for Mcrotus pennsylvanicus to be between 77° and 88° F, Opsahl 
(1959) gave the optimal temperature for the red-backed vole as 79° F. At 
optimal temperatures Getz (1962, I963) determined the water balance of the 
two species at the relative humidities of 5, 50 and 95 per cent. He found 
that neither the water consumption nor evaporative water losses of the red-
backed vole appear to be influenced by humidity, although both are greater 
at higher temperatures. He also found that Microtus consumed more water as 
humidity decreased, and concluded that it is less tolerant to drying 
conditions. 
The effect of insolation upon the abundance and growth of plants is 
well documented in numerous botanical texts, Costing (1956:83-101) summar­
izes this effect and the physiological response of plants. Variations in 
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light penetration result from shading by vegetation. An effect upon animal 
life is to vary the nature of the microhabitat. In grassland, Mossman (1955) 
measured light penetration as an index of vegetative density. Then, using 
the "dropping board" method, he found a positive correlation between abun­
dance of small mammals and the amount of herbaceous vegetation. 
His work does not, of course, indicate whether this abundance varies 
with light penetration, per se, or vrèiether it is due to higher soil moisture 
and humidity that may in turn be responsible for the increased density of 
vegetation. However, light penetration does determine the amount of radiant 
energy available to surfaces at ground level. 
As Geiger (1959:6) has stated, the temperature conditions of the air 
layer near the ground are determined by the immense amount of heat which the 
surface of the ground absorbs. One portion of the heat is conducted into 
the ground, and the greater portion heats the air layer near the ground. 
Thus the temperature of ground surface objects is an index of the relative 
conditions to which small mammals are subjected in their microhabitats. The 
effect of vegetative cover upon resulting temperature gradients is exten­
sively reviewed by Shaw (1965)» He observes that vegetative cover tends to 
reduce the temperature oscillations within the cover. 
Methods for measurement of the factors mentioned are reviewed by 
Geiger (1959), Costing (1956), Odum (1959) and Shaw (1965). 
The only previous studies which mention physical factors affecting 
Pilot Knob State Park are Macbride's (1903) geological survey and Smith 
and Eovbjerg's (1958) paper on the bog habitat. The latter included a 
brief account of the chemical composition of bog waters and a chart of 
monthly precipitation and mean temperatures furnished by the local weather 
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station. Average annual rainfall for the preceding 10 years was quoted 
at 77«2 cm (30.4 inches) ijhich corresponds with that found in the rainfall 
distribution for Iowa after Shaw and Waite (1964) shown in Figure 6, 
Description of Study Areas 
Three contrasting habitat areas were chosen for comparison of varia­
bility in certain climatic factors. 
Forest 
This is the same area in which both vegetation and small mammals ware 
studied and its location has been previously described (Figures 8, 9 and 11) 
Mature oaks and aspen form the top canopy perforated by infrequent openings 
where dead trees have fallen (Figure 14). Dense blackberry, raspberry, 
hazel and dogvrood have produced an impenetrable brush beneath the dominants. 
There is sparse litter and few forbs on the forest floor. Clethrionomys 
gapperi has been found within the woods; Mcrotus pennsylvanicus was taken 
only along the grass-forest edge. 
Old-field 
This area has likewise been described in the vegetational studies 
(Figures 8, 10 and 11), The grasses Poa pratensis and Agropyron repens 
dominate, Pastinaca sativa. Asclepias syriaca and Solidago spp, are the 
chief tall forbs (Figure 15). Young trees up to five feet tall are scat­
tered about the field (Figure 13). . Microtus pennsylvanicus is abundant 
but Clethrionomys gapperi was not captured there. 
Brush 
This area is located on the east side of the road approximately mid-
Figure lii. Location of instrument shelter station number one in forest 
study area at Pilot Knob State Park (showing dense brush under 
partially open top canopy) 
Figure 1$» Instrument shelter station number two in old-field study 
area at Pilot Knob State Park (showing: Palmer thermogrsph on the 
left: Brown iiygrothermograph on the rightj Thermistor shield on 
pole) 
Figure 16. Location of instrument shelter station number three in brush 
study area at Pilot Knob State Park (showing young trees amidst 
dense brush) 
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ïjay along the western border of the park (Figure 8). Although the history 
of its use is somewhat obscure, the site was apparently cleared about 30 
years ago. For 10-15 years it was used as a picnic area and for nature-
study trails, and then was allowed to revert to brush and trees. There are 
a few widely scattered mature oaks. Young oaks, walnuts, cherries, hickorys 
and a few aspen vary in height up to 12 feet. Dogwood, hazel and bitter­
sweet fom the major dense brush (Figure I6), Species of Helianthus. 
Solidago and Monarda fill the open spaces. Grasses are sparse, C. gapperi 
has been taken in the brush, M. pennsylvanicus was captured only in a few 
grassy openings. 
Methods 
Temperature and Humidity 
Instrument shelters The author designed and constructed three 
instrument shelters, 20 x 30 x 25 inches high (Figure 15). Side-vents were 
widely spaced, 1-^  inches apart, to allow free air movement. All sides were 
screened against small mammal interference. The floor \ia.s both vented and 
screened, and is also removable to allow instruments to be placed in contact 
with the ground. One shelter was situated in each habitat type: forest, old-
field and brush (Figures 14, 15 and 16), Each shelter was supported at the 
corners by brick pieces partially sunken such that the floor level rested 
two inches above the ground surface. Iron stakes were placed against the 
ends to prevent jarring by large mammals. 
Instruments Specifications and description of available instruments 
are as follows : 
1, Two portable Palmer thermographs, each with dual pens from two 
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thermistor sensing elements on 6-foot cables for distance recording; self-
contained battery operated 7-day chart drive; temperature range from -40® 
to 110® F, on 11-inch chart; 2° and 1-hour chart divisions; pen line can 
be interpolated to nearest 0.1® F; tested accuracy to less than ± 0.2® F; 
rapid response to change; timing accuracy adjustable to exact time; pro­
duced by Palmer Instruments, Inc., Cincinnati, Ohio, 
2. Two portable Brown hygrothermographs, each with two pens recording 
relative humidity: hair hygrometer, and temperature: mercury-filled therm­
ometer element; model number 612X21-KL-II-III-87; spring wound 7-day chart 
drive; temperature range from 0® to 100® F, relative humidity from 0 to 100 
per cent on 8-inch chart; 2®, 2 per cent and 2-hour chart divisions; pen line 
can be interpolated to nearest 0.1® F and 0.1 per cent relative humidity; 
rapid response to change; calibrated accuracy ± 1® F and ± 2 per cent rel­
ative humidity; timing accuracy adjustable to exact time; produced by Minn­
eapolis Honeywell Regulator Co., Philadelphia, Pa. 
3. One portable Autolite thermograph, model number 1000, single pen 
from thermistor sensing element on 6-foot cable for distance recording; 
spring wound 7-day chart drive; temperature range from 30® to 150° F, on 
6-inch chart; 2® and 3-hour chart divisions; pen line can be interpolated 
to nearest 0.5° F; tested accuracy to ± 1® F; timing accuracy adjustable 
to exact time; produced by The Electric Autolite Co., Eau Claire, Wise. 
4. One portable Tempscribe thermograph, model STA-SXA, single pen 
from bimetallic sensing element, spring wound 7-day chart drive; temper­
ature range from - 30° to 120® F on 4^ inch chart; 2.5° and 3-hour chart 
divisions; pen line can be interpolated to nearest 1® F; tested accuracy to 
± 1° F; timing accuracy adjustable; produced by Bacharach Industrial 
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Instrument Co. 
Data determination In each of the two shelters, in forest and old-
field, there was placed a Palmer and a Brovm instrument. One thermistor 
from the Palmer was suspended, at a height of 52 inches, beneath a radia­
tion shield as illustrated (Figure 15). The height was chosen as that 
equivalent to just above the average height of the brush in the forest. 
Ambient temperature at that level was compared between forest and old-field. 
The second thermistor was placed in a runway three inches beneath the ground 
level (-3 inch). The Brown hygrothermograph was placed such that ambient 
temperature and humidity were determined at the level two to three inches 
above the surface of the ground (+3 inch). Data for the forest and the old-
field were compared at this level. 
In the shelter established in the brush there was placed the Autolite 
and the Tempscribe. The Autolite thermistor was placed in a runway three 
inches beneath the ground level (-3 inch). The Tempscribe was placed at 
the level two to three inches above the surface of the ground (+3 inch). 
Data were recorded at the three sites from 22 June I963 to 3 January 
1964. Instruments were serviced and charts were changed every Saturday. 
Stations were checked at intervals during each week to assure mechanical 
efficiency of the instruments. 
From the data, comparisons were made between the three sites in temp­
eratures at three inches below ground level and at three inches above the 
ground level. Comparisons between forest and old-field also were made 
between the ambient temperatures at the 52 inch level and in the relative 
humidities at three inches above ground level. 
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Light penetration 
The three habitat types (forest, old-field and brush) were compared 
at various levels in terms of the penetration of light through vegetational 
canopy, A Weston illumination meter, model number 756, was used to measure 
the total illumination upon horizontal surfaces (Figure I7). The instru­
ment has a dial with three ranges of sensitivity, 0 to 100, 0 to 1000, and 
0 to 10,000 foot-candles. Reading accuracy is ± 0.5 per cent of each scale. 
The maximum reading, 10,000 foot-candles for unobstructed vertical 
sunlight at 12:00 hours on 29 June 1963, vra.s taken as the standard for all 
determinations. For this measurement the photo-electric sensing element 
was placed, normal to the sun's position, at 52 inches on top of the post 
at the old-field weather station. 
Through typical habitat in each study site there was established a 
random line of 10 stations at three-pace intervals. At each station the 
illumination readings were recorded as follows : 
Forest: (l) At the 52 inch level equivalent to the average level of 
the brush canopy, in order to measure the effect of the top canopy, and 
(2) On the litter surface at the ground level, in order to measure the 
effect of total canopy cover. 
Old-field: (1) On the surface litter on top of matted grasses, in 
order to measure the effect of shade from forbs, and (2) In runvrays formed 
by grasses, in order to measure the effect of total herbaceous cover. 
Brush: The same as in the forest, although there is less effect 
from top canopy shade except in early morning and late afternoon. 
A reading also was taken on top of the shield for the high thermistors 
and upon the ground just over the low thermistors. 
Figure 17. The author taking light penetration measurements ivith a 
Weston illumination meter (at forest study area. Pilot Knob State 
Park) 
Figure 18. The author taking surface temperature measurements vri.th a 
Barnes infra-red thermometer (at old-field study area. Pilot Knob 
State Park) 
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Measurements wera taken only on clear days or during periods of sun­
light unobstructed by clouds at less than 5/IO coverage. At approximately 
30-day intervals, from 29 June to 27 November, a clear day was chosen during 
which readings were taken at 6:00, 9:00, 12:00, 15:00 and 18:00 hours. 
Light vras measured at the sites in the same sequence on each day. Thus, 
illumination from the daily and seasonal cycles of sun positions were com­
pared along with the effect of seasonal variation in vegetational cover. 
Surface temperatures 
That portion of insolation which is absorbed by objects is the chief 
source of the heat which varies their temperature. Indirectly, radiation 
from adjacent objects and from the ambient air mass also contributes to 
this increase. As an index of net absorbtion, the temperature of various 
surfaces was measured for comparison in two of the study sites. A Barnes 
infra-red thermometer, model IT-3, was used to determine these temperatures 
(Figure 18). The ï^ pe A instrument has a range from -50° to 150° F with 
absolute accuracy of 2° C vâthin the range studied. The response time 
modes are 50 to 500 milliseconds. It is powered by a 110 volt portable 
generator requiring two persons to transport in the field. 
Data were obtained firom six sites in the old-field and from three sites 
in the forest. A series of 10 or more readings were taken randomly at each 
site ifithin a radius of the length of the power cable — about 10 feet. 
The groups of series were at approximately 30-minute intervals, due to the 
time required for moving the heavy equipment. Thus, readings for two 
different areas could not be taken within a reasonable time interval for 
close comparison. 
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Results 
Temperature 
Continuous recordings of temperature and humidity were obtained from 
all stations as described. Consequently, data are available for maximum, 
minimum and mean values for any portion of the interval from 22 June 19^ 3 
to 3 January 1964. However, as previously noted, Clethrionomys is a boreal 
genus having its southernmost margin in this study area. Of chief interest 
is the determination of the maximum temperatures to which t^ ie animal must 
adjust. For this latitude (43° 16' N) and geographical position, minimum 
temperatures are obviously higher than those farther north where the vole 
is abundant ; presumably they would not bs critical here. Thus, during the 
summer months there is to be expected the greatest temperature stress. 
Accordingly, for the period 29 June to 3 September 1963 a comparison 
was made between the maximum temperatures found in the three habitats, and 
at the three different levels (Figure 19). From the data there is noted a 
marked difference between the forest and the old-field habitats. At both 
the +3 inch and the 52 inch levels the temperature in the forest v/as consis­
tently and quite evenly loimr, with mean differences of 7,8° and 7.6°, res­
pectively, Benefitting from the shade of tvra extra canopy layers, the +3 
inch level in the forest had temperatures which were consistently lower than 
at the 52 inch level. Without top canopy shade, temperatures in the brush 
at the +3 inch level were consistently similar to, but only slightly higher 
than, that in the forest. Compared to temperatures in the old-field the 
mean difference was 6.7°. In the potential microhabitat (+3 inch level) 
for the red-backed vole, the forest and brush temperatures never exceeded 
86° and 90°, respectively; whereas the old-field maximum tenperatures 
Figure 19. Daily maximum temperatures in three habitat types at various 
levels (grouped from the top on three separate scales; temperatures 
in degrees F; 19^ 3 data) 
+ 52 inches = above ground level, ambient air temperature 
+ 3 inches = above ground level, ambient air temperature 
- 3 inches = below ground level, temperature in runway 
0 = Old-field habitat (upper line) 
B = Brush habitat (middle, dash line; + 3 inch level only) 
F = Forest habitat (lowest line) 
= Temperature differential between old-field habitat 
where Clethrionomys is not found and the forest or 
brush habitat where the vole is found 
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approached 100°, Except for this 3-4-day warm period, the forest and brush 
temperatures were below 82° and 83°, respectively, compared to frequent 
maxima exceeding 90° on the old-field. The differences in these maxima are 
almost exactly the same as the mean differences. 
Since most maximum values occur during the daytime, small mammals can 
have nocturnal activity periods with exposure to lower temperatures. How­
ever, a diurnal refuge must offer temperatures below critical values. In 
runvrays 3 inches below the surface the highest maximum temperatures in the 
forest and in the old-field approached 73° and 80°, respectively; although 
for most of the period there was little difference between these two hab­
itats, Values for the brush were not placed on this graph of the subsurface 
temperatures because the graphed line fell between the other tvro, thereby 
causing confusion (Figure 19). Differences were minimal during the summer 
when the soils at that depth are equally dry in all areas. Also, the dif­
ferences were generally less than the calibrated accuracy of the instruments. 
Clethrionomys is known to utilize subterranean runways in woods and brush 
(Bailey, 1897)» whereas 24icrotus forms runways in grasslands and constructs 
heavy nests in grassy hummocks. Maximum temperatures at this level in the 
respective habitats appear to be within the range of optimal temperatures 
for the voles. 
A comparison of the temperature changes with changes in vegetative cover 
is indicated by seasonal analyses in Figure 20, In summer, the forest had 
the least variation of the three sites in maximum temperatures at all levels. 
The range for the brush did not differ greatly from that of the forest. 
During autumn the loss of leafy canopy in both forest and brush allowed an 
increase in the range of maximum temperatures at all levels, and there was 
Figure 20. Range of maxirauîB temperatures in three habitat types at various 
levels (as indicated -Rith respect to the ground; 0 = Old-fieldj B = 
Brush; F = Forest) 
52" ht.  3" obove 3" below 
ground ground 
50 -
40 
Period 29 June -  3 Sept.  1963 
52". ht.  3" above 
g round 
3 below 
g round 
Period 4 Sept.  -  9 Nov. 1963 
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less difference between the three sites. However, most of the temperatures 
were lower at this time of year. Also it is evident that, at the +3 inch 
and the -3 inch levels, heat is retained in the forest better than in the 
old-field because the lowest values of the maziimum temperatures are greater 
in the forest. During both time periods (Figure 20) at these same levels 
the least variation in maximum temperatures occurred in the forest, indicat­
ing a more constant environment than in the other sites. 
It is clear that for the sites chosen at Pilot Knob State Park during 
the warmest period of 1963, the forest and brush areas offered a more favor­
able microclimate for Clethrionomys vri,th respect to temperature than was 
found in grassland. Compared to observations that the optimum temperature 
for the red-backed vole is 79° P, the levels near the forest floor seldom 
exceeded this value diurnally (Figure 19), and never exceeded it (data not 
shovm) nocturnally during this study. Although absolute temperatures may 
have been higher during past times since the glacial period, as inferred by 
Lane (1931) and Walker (1965)» it is reasonable to assume that a similar 
order of difference existed between the habitat types. Therefore, viith 
respect to their effect on temperatures in the microhabitat, existing 
forests may have provided for the animal a favorable habitat throughout 
these climatic changes. 
Humidity 
Relative himidity is the most easily measured expression of moisture 
content of the atmosphere. Examples of data from the Brown hygrothermo-
graphs at the +3 inch level (Figures 21 and 22) illustrate seasonal compar­
isons between the forest and the old-field habitats. The two sets of charts 
are "typical" for the summer and autumn periods, respectively, and also iirere 
Figure 21* Hygrothermographs compai-ing relative humidities and tempera­
tures betvreen forest and old-field habitats in summer (for a week 
beginning 10 August 1963; Forest chart on the left; Old-field chart 
on the right; > = Temperature line; —= Relative humidity 
line) 
Figure 22, Hygrothermographs comparing relative humidities and tempera­
tures between forest and old-field habitats in autumn (for a week 
beginning ^  October 1963; Forest chart on the left; Old-field chart 
on the right; > = Temperature line; —>-> = Relative humidity 
line) 
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chosen for reproduction because of the clarity of the lines. In the same 
seasons, charts for other weeks did not differ significantly. 
For the week beginning 10 August (Figure 21) the well-knovm inverse 
relationship between temperature and relative humidity is less pronounced in 
the forest than in the old-field. The forest canopy produces lower temper­
atures with less difference during the day and a more stable and consist­
ently higher relative humidity than in the open field. 
When the leaves have fallen in autumn there is less difference in 
these factors between the tvro sites, as shovjn for the week of 5 October 
(Figure 22). However, as previously mentioned, the old-field tends to lose 
heat more readily and night-time temperatures are slightly lower than in the 
forest. Also the dew accumulates sooner in the evening, increasing the 
relative humidity at an earlier hour than in the forest. 
Because relative humidity varies ;vith temperature and pressure as well 
as with the actual amount of water vapor, the vapor pressure deficit often 
is preferred by plant ecologists as a measure of moisture relations because 
evaporation tends to be proportional to vapor pressure deficit rather than 
to relative humidity. As an example of seasonal and habitat differences in 
the evaporative power of the air, a "typical" day ivas chosen from each of 
the charts shovm in Figures 21 and 22, A comparison of temperatures, rel­
ative humidities arid vapor pressure deficits at hourly intervals for the 
dates 14 August and ? October are given in Tables 6 and 7 respectively. The 
vapor pressure deficits also are shown separately in Figure 23, 
By midafternoon during a summer day (Table 6) the vapor pressure 
deficit in the old-field became more than double that in the forest. 
Shaded by three canopy layers, the +3 inch level in the forest receives 
Figure 23, A comparison of seasonal differences in hovirly vapor pressure 
deficits between forest and old-field (Lower scale = Simmer^  lU 
August; Upper scale = Autumn, 7 Octoberj o = Forest; x = Old-field) 
Vopor  p ressure  de f i c i t  i n  mm Hg 
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less radiant energy (as shovm later) and, therefore, less direct evaporative 
moisture loss due to heating. Little air movement at this level in the 
forest aids in retention of water vapor. 
In autumn (Table 7) the open nature of the forest is reflected in the 
similarity of the vapor pressure deficit pattern to that of the old-field. 
As a factor in the habitat of Clethrionomys, this increase in the deficit 
may be compensated by accompanying lower temperature levels. 
In neither season does the vapor pressure deficit fluctuate as widely 
in the forest as it does in the open field (Figure 23). 
Present conditions of humidity in the forest or brush at Pilot Knob 
State Park are apparently not limiting for Clethrionomys. It is not known 
vjhether this factor is limiting for the animal in the old-field, A differ­
ence in the tsTO habitats has been demonstrated. It is assumed that a 
similar relative difference has existed in other times, even through more 
xeric periods as inferred by Lane (1931) and Walker (1965)* 
Light penetration 
At each site the illumination readings for the 10 stations were aver­
aged for each time period and date (Table 8), Data were not taken for the 
6:00 and 18:00 hour periods during the autumn months when the position of 
the sun was below the horizon. 
For any date it is at once apparent that light penetration, as measured 
by illumination,increases in all habitats as the sun reaches its midday 
zenith position. For any hour there is a steady decline in illumination as 
the sun angle decreases from summer to autuian. Some seasonal increase is 
noted wiien brush and forest become more open as leaves fall. For this 
increase there is the compensatory decrease in sun angle. 
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The effect of shade is noted by the difference in illumination between 
levels in each habitat and between habitat types. Apparent discrepancies 
are due to the bias of averaging single high readings with nine low read­
ings. This occasionally loappens in the forest when a fortuitous "open" 
spot is coincidently in direct line with full sunlight at the time. Addi­
tional readings may have decreased this effect. However, considerable bias 
is introduced due to the time lapse between sites. During the 40 to 60 
minutes required for all the readings, the position of the sun had changed 
12° to 15°. Because simultaneous readings in three sites are impractical 
for one person, it is possible to minimize the time-lapse effect by making 
the determinations in each site at the same time on three successive days. 
The sun's position changes, north to south, approximately 1° in four days, 
so this error is far less than the hourly movements. However, there is 
then the problem of unpredictable daily variation in haze and cloud condi­
tions with greater difference in illumination than occurs from a few degrees 
difference in sun position. 
Although the calculation is not properly weighted for absolute values, 
an index of comparison for the effect of canopy upon light penetration may 
be seen in the average of all values for the litter surface in forest and 
in biMsh. Expressed as a per cent of full sunlight these are, respectively, 
1.79 and 2.98 per cent compared to 19.65 per cent for the old-field. The 
effect of canopy in reducing radiation is evident. 
Surface temperatures 
Because frequent movement of the heavy infra-red temperature recording 
equipment was impractical, the readings in the forest were taken during the 
period of maximum sunlight. Thus, from the old-field, three groups of fore­
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noon readings and three groups of afternoon readings were compared vTith 
three groups of mid-day readings from the forest (Tables 9 and 10), 
During the waraiest part of the day (12:00 to 14:00 hours) the average 
temperature of surfaces in the forest litter was 85° despite a maximum air 
temperature of 89°. The temperature of leaves of dominant plants at brush 
level corresponded viith that of litter surfaces. Relative humidity at that 
time was 4-6 per cent and the vapor pressure deficit was 19.2 ram Hg. 
On the old-field the average temperature of surfaces was 100,7° during 
an air temperature of 96°. This was past the peak in air temperatures 
tAiich was 104° at 12:40 hours. Relative humidity at the time was 40 per 
cent and the vapor pressure deficit was 33.2 mm Hg. 
The warming trend toward noon, and cooling thereafter, is evident. 
Among the individual readings it should be noted that temperatures taken 
on top of litter are consistently higher than those taken in runways, and 
are frequently higher than the air temperature. This is consistent with 
expected results (Geiger, 19590) that surface objects emit long mve 
radiation which heats the air. 
As indicated by measurements with the Barnes infra-red thermometer, 
the litter surface in the forest receives less radiant energy than does 
that of the old-field. Maximum surface temperatures at this level in the 
forest are obviously less restrictive upon the presence of Clethrionomys 
and other animal life. 
Summary 
As a habitat for Clethrionomys gapperi. the forest and brush at Pilot 
Knob State Park offer a more constant environment with respect to tempera­
ture, humidity and light penetration than does the open field. Assuming 
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that a population of the red-backed vole has been present continuously in 
post glacial times, the species apparently has adapted to any variations 
in microclimate or vegetation which may have occurred in the more favorable 
habitat types. 
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FAUNA 
Mammals 
There are 32 species of recent mammals known to be present at Pilot 
Knob State Park and adjacent areas (Table 11). Subspecies (nomenclature 
after Miller and Kellogg, 1955) are those ivithin the ranges given by Scott 
(1937), and Hall and Kelson (1959). All specimens captured were taken by 
the author, Iowa State University Museum numbers indicate examples of 
study skins and skulls, of which several in each species of the smaller 
mammals were prepared. Sightings are those recorded by the author and 
the park manager, Vern Haufle. 
Within the "great circle" there appears to be suitable habitat for a 
number of other species. Trappers and farmers have reported capturing 
specimens of Franklin's ground squirrel (Citellus franklinii), beaver 
(Castor canadensis), coyote (Canis latrans), long-tailed weasel (Mustela 
frenata), and Norway rat (Rattus norvegicus). The latter is considered to 
be absent from the park, however. Bats, differing from Myotis lucifugus, 
were observed; but the species were not identified. Feral cats frequent 
the forest» 
In shipments of merchandise the house mouse was introduced to the area 
about 1865 (Union Publishing Company, 188^ :379), and cats were regularly 
sold by early peddlers. The Norway rat had arrived by 1660 (Pioneer 
Publishing Company, 1917a;3U1|). A population of feral house mice is 
present in the forested area of the park. 
Numerous species (Table 11) have been extirpated from the region. 
Wolf, bear, otter, elk and bison are prominently mentioned in early 
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histories of Hancock and Winnebago Counties. "Elk, bear and venison are 
commonly eaten" (Pioneer Publishing Company, 1917a;9u). In l85U, "four 
buffalo, out of a herd of twenty" v,'ere killed in northwestern Hancock 
County; and, in the fall of l^ SS, a herd of $00 elk crossed southeastern 
Hancock and northwestern Franklin Counties (Union Publishing Company, 
188^ :6^ 2). One ivriter, in the l860's, states, "V/e were compelled to lot 
the sheep at night near the cabin to prevent the wolves from killing them" 
(Pioneer Publishing Company, 1917a;3l;U). He mentioned, further, that one 
day he saw a wolf enter the flock and carry off a lamb, which was rescued 
after a short chase. Otter were taken along rivers (Union Publishing 
Company, 188^ :2^ 2). Scott (1937), in an extensive review of the literature, 
reports the former presence of all these species for Iowa, He includes 
the cougar (Felis eoncolor) as occurring rarely; but the species is not 
mentioned in early histories for Hancock and Winnebago Countieso 
Birds 
A list in Table 12 represents those birds observed and identified by 
the author as frequenting Pilot Knob State Park during the nesting seasons 
and summers, 1962-1966 .(nomenclature after A. 0. U, Checklist, 1957)* 
The number of species recorded undoubtedly is not complete, and no 
specimens were taken. Pammel (1925:37) also gives a partial list of birds, 
mammals and reptiles found in the park. 
During the five years, no house sparrows (Passer domestieus), nor 
starlings (Sturnus vulgaris), were seen in the park by the author or by the 
park manager, Vern Haufle. The loggerhead shrike (Lanius ludovicianus) 
was observed in open areas adjacent to the park. Ovenbirds, catbirds. 
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brown thrashers and wrens were frequent casualties in small mammal traps. 
At the time of land settlement, greater prairie chickens (Tympanuchus 
cupido) were common throughout north central Iowa (Union Publishing 
Company, l88It:7U9), and were reported by Green (1938) in Winnebago County 
as late as 1936. The passenger pigeon (Ectopistes migratorius) was knovm 
to breed in Winnebago and Cerro Gordo Counties as late as 18?^  (DuMont, 
1933:208). Both species have been extirpated from the state, and the 
latter is now extinct. 
Amphibians and Reptiles 
Some amphibians and reptiles, commonly found at Pilot Knob, are given 
in Table 13 (nomenclature after Schmidt, 1953, and Conant, 19?8). The 
list is incomplete for the area, A few specimens were collected as 
noted; others were released after identification. Frogs and toads were 
taken frequently in the snap traps in moist woodlands. Garter snakes 
were infrequently captured in the Museum Special traps in grasslands, and 
one was taken alive in a Hav-a-Hart live trap. One skink was found in a 
sunken-can trap, 
A list of snakes, encountered by early settlers in the area, is 
presented in a county history (Pioneer Publishing Company, 1917a;339-3UO)o 
South-facing slopes of the knolls at the south edge of the park were once 
a favorite habitat for snakes. The homestead to the south is known locally 
as "rattlesnake farm". Leonard Nelson (1966:personal communication), who 
lives on the adjoining farm, stated that rattlesnakes and bullsnakes, 
fonnerly common there, were last seen in the 1920'so C. D. Fox, of Forest 
City, Iowa (1966:personal communication) killed a rattlesnake near the 
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shelterhouse in the park in 1931» Species names '"were not specified, but 
the ai'ea is within the range of western massasauga (Sistrurus catenatus), 
and timber rattlesnake (Crotalus horridus)» Both are now regarded as 
extirpated from the region. 
Invertebrates 
No definitive listing was made of the 100 or more insect specimens 
collected from Pilot Knob for the Iowa State University Museum of 
Entomology. Of major interest, however, is the prevalence of endoparasitic 
bot-fly larvae, genus Cuterebra, encountered in the inguinal region of 
Tamias, Peromyscus, and Clethrionomys» From one to five larvae, in various 
stages, were found in the host mammals during the months of August, 
September and October, In the years 1962-1966, approximately ten per cent 
of the Peromyscus were so infected* The incidence was less frequent for 
the other genera. This parasitism in populations of mice has been reported 
by Scott and Snead (19ii2) and Dalmat {19h3) for Iowa, The literature has 
been extensively reviewed by Dunaway et al,(1967 ) 0  
In a brief survey of physical characteristics of the sphagnum bog 
at Dead iian's Lake, Pilot Knob State Park, Smith and Bovbjerg (1958) 
listed some species of six invertebrate phyla, and concluded that there 
is a relative paucity of both species and numbers below the mat* 
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SMALL MAMAL POPULATIONS; PART I. DEVELOPMENT OF TRAPPING liSTHODS 
Objectives 
Population density estimates for small mammals depend most commonly 
upon the efficiency of trapping methods. Innumerable variables may bias 
both total catch and species composition. Edwards (1952) points out that 
methods for taking mammals may be selective for some genera and thereby 
influence the number of each kind taken. Accordingly, this phase of the 
investigation was devoted to the development of survey techniques with the 
following objectives: 
1. To determine the selectivity of different kinds of traps for 
different species of mammals. 
2. To compare the efficiency of certain trapping methods. 
3. To determine the composition of species in various habitats. 
4. To determine the distribution of populations of the red-backed vole. 
5. To collect mammal specimens for data or for reproduction and food 
habit studies. 
Review of Literature 
Numerous comparisons have been made in a search for the most efficient 
combination of materials and techniques for censusing small mammal popula­
tions. Some species may even be considered rare in many places because they 
are not often trapped in large numbers. The probability of capturing rare 
species is presented on a theoretical basis by Preston (I962). Because the 
method chosen may be selective for certain species, an investigator may 
enhance the chance of capture by a suitable choice of trapping device, bait 
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and trapping pattern. Differences in conclusions have evolved from the 
variety of circumstances under lAiich tests have been conducted. 
The choice of materials and techniques may depend on the purpose of the 
project, so that efficiency is frequently discussed in terras of vriiether a 
particular purpose was accomplished. Examples include; the determination 
of species abundance, species composition, population structure and behavior­
al responses; searching for a given species; collecting specimens, alive or 
dead; or population control. 
Goodnight and Koestner (1942) regarded snap-trapping as a more reliable 
index of population density than was live-trapping, but Ctockrum (19^ 7) came 
to the opposite conclusion. Sealander and James (1958) claimed that the 
Sherman live trap is more efficient than the Museum Special snap trap, but 
they did not operate the snap traps vri.th the live traps during the period 
of peak mouse population and so do not have a valid comparison. GoUey 
(1961) found no significant difference between the efficiency of the Sherman 
live trap and the Victor mouse trap or rat trap in taking cotton rats. 
Because they are small, easy to handle and relatively inexpensive, snap 
traps are more convenient than most live traps. Their efficiency may depend 
on the choice of bait or lack of it, DeCoursey (1957) in collecting 680 
specimens of Microtus (along vâth other genera) stated that a majority of 
his snap traps were placed unbaited across runways or in burrows. According 
to Fitch (195^ ) the choice of bait varies decidedly with species, seasons 
and the availability of natural food. During July through September 19^ 7 
Fowle and Edwards (195^ ) used snap traps in groups of four. In each group 
one trap was unbaited, one baited with cheese, one with bacon and one with 
oats. Hie baited traps were four times as effective as the unbaited in 
86 
capturing Blarina. Results were inconclusive for four other species taken. 
It is known that mice favor protective cover, Pearson (1959) noted a 
failure of Microtus and Reithrodontomys to move between runways only a few 
feet apart. Placing a trap across a runway should increase the chance of a 
capture. 
Calhoun and Casby (1958) emphasize the necessity of having a sufficient 
number of traps par trapping station so that no animal will be turned away, ' 
therby distorting calculations of density. Calhoun's North American trap-
line achieved this adequacy by using three traps per station at each of 20 
stations, 50 feet apart. In contrast, the quadrat method was regarded by 
Bole (1939) as providing an accurate means of determining small mammal 
abundance. Stiekel (1946) also determined home ranges from live trapping 
on a quadrat pattern. 
Description of Study Areas 
The selection of trapping areas was based on suitability of habitat 
with respect to the ecological requirements of the species sought, and the 
availability of these vegetational remnants in the predominately agricultur­
al areas of Iowa and Minnesota. Most sites are relatively undisturbed 
rather than truly natural. Because of space limitations, it is impractical 
to describe each of the 414 trapline sites, but rather the geographical 
areas are listed according to vegetational types (Figure 24); 
Grasslands 
lypes Prairie remnants were found along railroads, fence-rows and 
roadsides. Reestablished prairies were found in old-field successions, old 
hayfields, soil-bank plots, upland and lowland meadows and along ecotones. 
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24". Areas sampled for small mammals in Iowa (Shaded areas — Areas trapped 
by the author, I96O-I966; X = Counties sampled by Scott, Snead, Guthrie, 
Waller, Hoslett and their students; 0 = Counties ifith two or fewer species 
collected; after records in Iowa State University Museum of Zoology, 
1 January 196?; Des Moines lobe after Ruhe, 1952) 
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Locations In Iowa, one or more types were found; northeast and 
southwest of Ames, Story County; at Ledges State Park, Boone County; at 
Little Wall and Goose Lakes, Hamilton County; at the Ruthven Game Management 
Unit, Clay and Palo Alto Counties; northwest and southeast of Estherville, 
Emmet County; west of Lake Okoboji, Dickinson County; at Union Slough 
National Wildlife Refuge, Kossuth County; and in the vicinity of Pilot Knob 
State Park, 
Forestlands 
IVpes Forest and woodland remnants contained various association 
combinations such as: oak-hickory, hazel brush with scattered oak, maple-
basswood-walnut, locust-aspen-basswood, oak-basswood-elm or maple-oak-pine. 
Locations In Iowa, one or more types were found: northeast and 
southwest of Ames, Story County; at Ledges State Park, Boone County; south­
west of Lake Okoboji, Dickinson County; at Fort Defiance State Park, Bnmet 
County; at Crystal and Eagle Lakes, Hancock County; northwest of Clear Lake 
and Mason City, Cerro Gordo County; at Harmon Lake, Winnebago,County; south­
west of Northwood, Worth County; all suitable woods in the "great circle" at 
the comers of Winnebago, Hancock, Worth and Cerro Gordo Counties; north­
west of St. Ansgar, Mitchell County; at White Pine Hollow, Dubuque County; 
and throughout the Yellow River Forest, the areas north and south of Lansing 
and the woods northwest of Hanover, Allamakee County, in Minnesota, wood­
lands were found; around Bear Lake, Freeborn County; north and south of 
Owatona, and southwest of Steele Center, Steele County; and south and west 
of Waseca, Waseca County. 
Utilizing various trapping patterns, the search for populations of 
Clethrionoays began at Pilot Knob State Park viiere its presence was last 
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reported. All relatively natural woods and brush found as scattered remnants 
in the "great circle" were sampled once or more until the animal was located 
or presumed to be absent. 
Methods 
Floral and faunal characteristics of the study site frequently deter­
mined the selection of a trapping device and a suitable trapping pattern. 
Whenever possible, the method chosen was one which could accomplish the most 
objectives or determine specialized information. 
Comparing efficiency of methods 
Requirements of a standard pattern (quadrat or transect) usually include 
a homogeneous habitat. Considering the size and shape of most available 
sites, it was found that greater uniformity of vegetational composition was 
assured along a transect than in the use of a quadrat. Transects were also 
considered more practical in the dense brambles of the forests. However, 
few wooded areas exceeded twenty acres which can seldom accomodate the 1000-
foot North American Line (Calhoun and Casby, 1958:12); so shorter lines of 
400-600 feet were selected and used in both grassland and forests. 
I used the Museum Special snap-trap which is slightly larger than a 
common house mouse trap. The larger size of the killing bar minimizes the 
breakage of skulls. With one exception the number of traps (60) correspond­
ed to that in the North American Line. For the trapping me"toods requiring 
bait a mixture of peanut butter and rolled oats was used. According to 
standard practices traps were placed in the most suitable positions across 
L^ocations may be found on the map in Figure 36 
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rumjays or beside logs wherever they occurred near the station. Orange 
painted dowels were used as stakes and were placed at alternate stations 
along the line to facilitate location and checking of the traps. The 10-foot 
intervals between stations were paced in order to save time. The pace was 
standardized with a steel tape. Several traplines, checked with the tape, 
showed errors not to exceed three per cent which would not seriously affect 
the results because trap placement normally varies more than this. Several 
comparison tests involving a new trapping concept were devised. 
The double-set versus single-set line-baited (D-S/B line) To mini­
mize the chance of a mouse passing quickly over one trap without capture, 
two Museum Specials were set parallel, 3/8 + I/8 inch apart, with treadles 
in the same direction (Figure 25). Their efficiency was compared with that 
of single traps. The line of double-sets versus single-sets consisted of 
40 stations, 10 feet apart, alternating two traps per station vjith one trap 
per station. All traps were baited and placed within two feet of the station 
stake on a line perpendicular to the trap line. Total length of the line 
equals 390 feet. 
The double-set versus single-set line-uhbaited (D-S/U line) Based 
on observations of other investigators that mice are readily caught in un-
baited traps, the efficiency of the double-set versus the single-set was 
again tested, but without bait. The arrangement was the same as before, 
except that all traps were "factory-fresh", uribaited, and stored in clean 
boxes separated from other equipment. They were always set first and also 
checked before the other traps in order to avoid contamination. 
The double-set versus couple-set line-baited (D-C/B line) In order 
to determine just ;diat truly constitutes a couple-set (i.e. how far apart 
Figure 25* Trap station showing placement of a double-set of Museum 
Special traps 
Figure 26. Sample of daily field record sheet used for each trapline 
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may the traps be before the station acts lilce two single-sets), an arrange­
ment similar to that above was devised. This 390-foot line, containing 80 
traps at 40 stations, alternated a double-set per station with a station 
containing a couple» dhe latter consisted of two traps placed 12 inches 
apart with treadles in the same direction. 
The unbaited-set versus baited-set line (U-B line) The efficiency 
and selectivity of the unbaited trap was compared vâth that of the baited 
trap, A line consisted of 60 single traps, 10 feet apart, alternately un­
baited and baited, for a total distance of 590 feet. Precautions vrere the 
same as in the previous unbaited system. 
All lines were set in late afternoon and evening in order to minimize 
exposure to interference by diurnal fauna. Lines were run as early as 
possible after sunrise. Captures were recorded (Figure 26), tagged and 
stored in a freezer as soon as possible. Traps then were either removed or 
snapped for the day and reset and baited as necessary in the evening. All 
lines were set for an intended maximum of three nights. In order to obtain 
adequate data for comparisons, traplines were removed and transferred to 
new sites as soon as their yield fell to five per cent. As soon as 
Clethrionomys was captured a line was moved, regardless of yield, because 
of the need to survey as many sites as possible. Since the primary purpose 
was the search for populations of the red-backed vole, no attempt was made 
to achieve a fixed number of trap nights by each pattern-type. The method 
chosen was that which was convenient to the time, place and equipment at 
hand. These do not materially affect the validity of the results, because 
each night's trapping at a site is an entity with its own set of character­
istics. 
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Speclaljged trapping 
In order to obtain live specimens of the red-backed vole for other 
studies, several types of live traps were employed; Hav-a-Hart, Longworth, 
open-can and a box trap described by Gunderson (1950). Combinations by-
pairs or alternating singles often were used, but comparison of types was 
incidental to the purpose of the line. Several hundred trap nights were 
accumulated by setting live traps at random in appropriate habitats for 
varying periods of time. Peanut butter and com were used as bait. 
As a method of saturating an area with devices, quadrat patterns were 
frequently adapted to the shape of sites. Baited Museum Specials vrere set 
at each station in the geometric pattern (square, rectangle or hexagon). 
Distances between stations were arbitrarily set 10 or 20 feet for conven­
ience, or around 2? feet for a precalculated acre, based on recommendations 
(Calhoun and Casby, 1958) for adequacy of number of traps. The quadrat 
method is best adapted to open areas, grasslands and prairies where dis­
tances are readily measured with a tape. The major purpose was to sample 
the species composition. 
A number of specialized devices were set in suitable habitats to obtain 
specimens of other mammals associated with the red-backed vole. These 
included the îîumber 1 Oneida Victor steel trap, the Victor Hold-fast rat 
trap, the Victor mole trap, the Victor gopher trap, the 5x5 Hav-a-Hart, 
and the 6 % 6 x 24 inch folding double-door National live trap, A mist net 
was effective in taking some bats. 
Results 
In this phase data from all areas trapped during the period 2? Sept­
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ember i960 to 26 November I966 gave a total of 27,667 trap nights from 
traplines including the following test lines which were analysed; 
Habitat 
Test 
Method 
No. of 
Trap nights 
No. of 
Station nights 
No. of 
Lines 
Ave. No. of 
Nights/Line 
Grassland d-s/b 3,480 2,320 39 1.49 
Grassland D-S/U 480 320 5 1.60 
Forest d-s/b 11,340 7,560 166 1.12 
Forest D-S/U 360 240 6 1.00 
(both) d-c/b 1,120 560 7 2.00 
(both) U-B 1,500 1,500 13 1.92 
The number of mammals captured are included in the total of 3,841 specimens 
of 35 species, from which 229 study skins and 578 skulls were prepared. 
For brevity, only generic names are used for the species encountered. 
Species of the genus Peromyscus are not differentiated in this study. The 
terms "mouse" and "mice" are used as a convenience to include small Cricetid 
rodents and shrews. 
Efficiency of double-set3 
Trapping in grasslands In grasslands the average yield for the 
double-sets on the D-s/B line was 16,1 per cent for station nights, whereas 
that for the single-sets was 8,0 per cent (Table 14), In 11 instances out 
of 176 double-sets there were two captures (Table 15). "Rius, as a whole, 
the baited double-sets were 2.01 times as effective in capturing a mouse as 
were the single-sets, or I.89 if corrected for double captures. As a whole, 
by genera, the double-sets were 3.22 times as effective in capturing Zapus. 
2.45 times as effective for Microtus. 1,6? times as effective for Blarina. 
and 1.65 times as effective for Peromyscus. For Sorex and Mus the results 
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favor the double-sets but the samples are insufficient to be significant. 
There Tras an insufficient sample of Reithrodontomys. 
For the double-sets on the D-S/U line the average yield was 25.6 per 
cent for station nights, whereas that for the single-sets was 17.5 per cent 
(Table 16). In three instances (Table 17) there were two captures. Thus, 
as a whole, the unbaited double-sets were 1.46 times as effective in cap­
turing a mouse as were the single-sets, or I.36 if corrected for double 
captures. As a v^ ole, the double-sets were 1.42 times as effective in 
capturing Microtus. The data was insufficient for other genera. 
In grasslands the double-set is clearly advantageous in capturing Zapus 
and Microtus. quite effective for Blarina and Peromyscus. and favorable for 
other specie^ s. No significance should be attached to the high yield on the 
unbaited lines which represent a small sample of trap nights and a more 
favorable season of the year vAien they were set. Also, no comparison should 
be made here between baited and unbaited traplines because they represent 
different locations, habitats, weather conditions, seasons and sample size. 
Trapping in forests In forests the average yield for double-sets 
on the D-S/B line was 19.2 per cent for station nights, whereas that for the 
single-sets was 12.0 per cent (Table 18). In 73 instances out of 654 double-
sets there were two captures (Table 19). 'Hius, as a vjhole, the baited 
double-sets were 1.6 times as effective in capturing a mouse as were the 
single-sets, or 1.44 if corrected for double captures. As a whole, by gen­
era, the double-sets were 2,22 times as effective in capturing Sorex. 2,05 
times as effective for Zapus. 1.80 times as effective for Microtus. I.56 
times as effective for Peromyscus. 1,47 times as effective for dethrionornvs. 
and 1,44 times as effective for Blarina. The abnormally high (5-1) ratio 
favoring double-sets for Mus may be attributed to a small sample and to the 
fortuitous placement of traps on one of the lines idiich gave most of the 
data. It is clear that the double-set is favored, however. 
For the double-sets on the D-S/U line the average yield was 16.7 per 
cent for station nights, vfaerea-s that for the single-sets was 9.16 per cent 
(Table 20). In three instances (Table 21) there were two captures. Thus, 
as a whole, the unbaited double-sets were 1.82 times as effective in cap­
turing a mouse as were the single-sets, or 1.55 if corrected for double 
captures. As a vjhole the double-sets were 1.50 times as effective in captur­
ing Peromyscus. The data was insufficient for the other genera, but favored 
the double-sets. 
Again, no significance should be attached to any difference between the 
baited and the unbaited traplines, due to lack of comparable conditions. 
In forests the double-set is only slightly less effective than in grass­
lands, This difference may be attributed to the greater restriction of mice 
to runways in grasslands, because it is in the runways where the traps are 
placed. Microtus is normally absent from woods, pxcept in clearings and 
in disturbed areas where it can build runways. For its forest concomitant, 
Clethrionomys. the double-set is almost as effective as it is for Microtus. 
Trap interference In spite of the proximity of traps in the double-
set, there was a surprising lack of interference due to the springing of one 
of them (Tables 15» 17, 19 and 21). Of the double-sets where both traps 
were sprung for other causes, only 7,8, 2.5» 10.0 and 0.0 per cent were thus 
removed from availability compared to a 13»5» 5*0, 16.2 and 8,3 per cent 
removal of single-sets, in the respective test methods. In grasslands, with 
respect to the total stations available, there is a negligible difference 
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between the number of single-sets sprung and the number of double-sets vrith 
only one trap sprung; but these double-sets are still available whereas the 
single-sets are not. In forests this difference is markedly greater. Com­
pared to the results in grasslands, there is an apparent shift in percentage 
from the sets with only one sprung to the sets with both sprung» This might 
be explained by the greater opportunity for falling objects to affect traps 
in the forests. It is also important to note (Table 22) the number of in­
stances vjhere two mice, of the same or mixed species, were caught at the 
same double-set» In addition, there were three stations at which a 
Peroayscus and a toad or frog were caught at one double-set. There is, of 
course, no way to determine which was caught first. 
Frogs and toads constituted the greatest nuisance to trapping, account­
ing for 26 of the 162 double-sprung baited stations in grasslands (Tables 15 
and 23). This was a 2.24 per cent removal of double-sets compared to 1.73 
per cent for the single-sets, but this did not seriously affect the mammal­
ian response. For the frog the double-set does present a larger target than 
does the single-set. Also, the frog tends to remain alive longer than do 
mammals, in the trap, thereby increasing the expectancy of springing both 
traps. Yet this occurred in only about one-half of such captures. There 
was no amphibian interference in the double-sets of the D-S/U lines (Table 23). 
I believe the single unbaited capture was by chance, whereas many baited 
captures may have been due to the frog's predilection for insects at the bait. 
The Museum Special snap trap is too light for the assured capture of 
adult Citellus. but seven were caught in baited double-sets compared to two 
in the single-sets (Table 23). In ma^ y instances the large animal is brief­
ly stunned by the first trap and then is caught by the second trap as he 
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thrashes around. Escape is easier from a single trap as is evidenced by-
bits of hair which are frequently found in sprung traps. No Citellus were 
taken in the D-S/U lines, indicating the attraction of bait for the genus. 
In forests Taiaias t^ as responsible for most of the known interference, 
with toads and birds of equal lesser importance (Table 24) on the D-S/B 
lines. Together they accounted for removal of 0.85 per cent of the double-
sets compared to 0.58 per cent of the single-sets. Numerous sets of both 
kinds are undoubtedly sprung by Taiîiias which have escaped. Bits of their 
hair and tips of tails frequently were found in sprung traps. Again, bait 
and insects are the indicated attractants, because there is minimal inter­
ference on the D-S/U lines. 
Inasmuch as most mice are nocturnal (Pearson, 1960), interference by 
diurnal Citellus and Tamias is negligible, because the lines were set in 
the evening and run soon after sunrise. Loss of traps, dragged away into 
the brush, is a negligible factor. 
Comparison with couple-sets The comparison of double-sets versus 
Couple-sets produced no clearly demonstrable differences (Table 25). Con­
ceived as a test much later in the program, there was an insufficient accum­
ulation of trap nights to present an adequate sample. However, a few inter­
esting relationships may be observed. As a mole, the double-sets did cap­
ture more mice than did the couple-sets. Whereas the results are inconclu­
sive for other genera, the 31-25 ratio for Peromyscus shows a trend favoring 
the double-sets for that genus. If we exclude double captures (all 
Peromyscus) from the double-sets, but leave them in for the couple-sets 
(Tables 22 and 26), the double-sets are still favored numerically as stations. 
Thus, if a couple-set is regarded as ttra single-sets, it took twice as many 
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single-sets to capture nearly the same number of mice as in the double-sets. 
The relationship is comparable to the results previously discussed about 
the D-S/B lines. It should be noted, of course, that in the D-C/B line the 
"singles" are at the same station, whereas in the D-S/B line they are at 
different stations and therefore cover a wider area and presumably more mice. 
However, there were five instances where two nice were caught at the same 
couple-set station. Time of year and abundance of mice are important factors 
in the extent of response. 
A graduate student, Gerald Horak, tried the same combination for a 
course project. During October and November 19^ 3, in 3^ 0 trap nights, he 
obtained a capture ratio of 27-18 favoring double-sets. The ratio for 
Perorayscus was 16-7; for all other genera the samples were too small to be 
regarded as conclusive. 
Considering both trials, it appears that the arrangement of traps at 
a station may affect their efficiency. It requires more time to suitably 
place two separate traps than is required for one double-set, and the time 
would increase with the distance apart of the couple. An advantage is 
indicated for the double-sets. 
Efficiency of unbaited-sets 
Uhbaited-sets versus baited-sets produced surprising results (Table 27). 
One would suspect that bait attracts mice. Yet, during 1500 trap nights, the 
unbaited traps caught 108 mice for an average yield of 14,4 per cent, where­
as the baited traps took 67 mice for a yield of 8,9 per cent. It is appar­
ent that species vary in response to bait, Unbaited traps were 7,0 times as 
effective in capturing Zapus. 3*7 times as effective for Microtus. and 1,75 
times as effective for Mus, Baited traps took 15 Sorex compared to 1 for 
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the unbaited. This ratio is abnormal because a shift of only one animal cuts 
the ratio in half idiich may be closer to the truth for large samples. The 
baited traps were also slightly favored by Peromyscus and Blarina, 
Frogs accounted for the majority of knovjn interference vjith traps, but 
did not materially favor baited over the unbaited-sets (Table 28), Large 
beetles have been observed at the bait of many traps. It is possible that 
their weight may be sufficient to spring traps and account for some of the 
unknown causes of sprung traps. One Citellus was caught in an unbaited trap 
compared to l6 in baited traps. It is clear that they prefer bait. 
For midsummer in Iowa it appears that the unbaited traps are highly se­
lective for some species. Under the circumstances of this experiment, it is 
possible to increase the efficiency of capturing Zapus and Microtus v/ith the 
unbaited traps. For Sorex and Blarina the baited-sets remain more effective. 
There is one factor, however, which may have influenced the results. 
During previous trapping in cornfields, I experienced difficulty locating 
the older, grease and dirt-stained traps. It seemed, at the time, that these 
seldom contained captures whereas the brighter, less-used traps sesned more 
effective. After that observation I attempted to keep all the traps as clean 
as possible for this experiment; but the baited traps are more easily soiled. 
Therefore, it is possible that the factory-fresh unbaited traps were brighter 
and more attractive, visually, for some species (such as saltatorial Zapus); 
whereas the bait may have been more effective for others with poorer eyesight 
but greater dependence on olfactory sensations (such as Sorex and Blarina). 
To test this hypothesis, 30 factory-fresh Museum Special snap traps 
were darkened with odorless amorphous carbon (carbon-black) which vTas rubbed 
on with a cloth to avoid human oils, Ihus, with the exception of metalic 
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parts, there was no sheen to the device. Along with 30 factory-fresh light-
colored traps, a line was established alternating a single dark trap with a 
single light trap, all unbaited, ten feet apart (the D-L/U line). In June 
of 1964 an initial trial of 120 trap nights yielded only 10 mice and incon­
clusive results. later a student, Kent Nienueyer, tried the same combina­
tion for a course project. During November 1964, in 360 trap nights, he 
obtained a capture ratio of 44-25 favoring light-colored traps. The ratio 
for Peromyscus was 29-15, and for Mus ;ras 12-7. 
It appears that the brightness of the device may favor capture, or at 
least does not prevent it, for most species. As a factor, it may have en­
hanced the success of the unbaited traps in the previous test. 
Evaluating methods 
A major problem in analysis is size of the sample captured. Differences 
are hidden in totals and averages. Each line is independent of the response 
on another; and location, habitat, time, season, weather, species composi­
tion and other factors are different for each line. However, the yield on 
a line often is too small to justify quoting ratios. Those with no response 
were omitted from consideration for obvious reasons. Even a five per cent 
yield for 60 traps is only three mice. If this should give a 2-1 response, 
the fortuitous placement of a trap can completely invert the ratio. It would 
materially affect samples of 4 to 8 mice and influence some even larger. 
Yet, 9 mice is a 15 per cent yield which is more than average for most lines 
until late summer. The incidence of small samples was minimized by transfer 
of lines after one or two trap nights. This policy also minimized the effect 
of fortuitous placement of traps. Fixed systems, over long periods, are 
especially subject to this bias. Other important biases include; 
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(1) Intra- and interspecific interaction 
(2) Differential species response 
(3) Position of line interference 
(4) Insufficient number of traps 
(5) Ilicrohabitat differences 
(6) Attraction or repulsion to other aspects about the trap than the 
item seemingly being tested 
(7) Size and behavior of the species in relation to mechanical 
operation of the trap 
(8) Disturbance factor 
(9) Choice of type of trap and of bait 
(10) Trapping pattern 
(11) Differences in time of day, season, weather and phase of moon 
combined vn.th the response of species to bait and to the trap 
Although the many separate lines ijould seem to represent widely diver­
gent habitat differences, it should be noted that there is seldom homogeneity 
of vegetation along any single line of 400-600 feet. 
A major value of using bait is that a higher percentage of captures 
tend to have their heads toward the treadle so there are fewer damaged 
skulls. Apparently with new unbaited traps some species are more attracted 
to the device, but there is less incentive for them to face toward the 
treadle. The trap may be sprung by other portions of the body. 
Considering the home range of a mouse as calculated by Hayne (19^ 9), 
Stickel (1946, 19^ ) and Calhoun and Gasby (1958), the lines of stations at 
10-foot intervals seemed to provide an adequate number and choice of traps. 
In any such system, however, if the ratio of comparison should greatly favor 
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one typa of set, then the withdrawal of stations by a large mouse population 
(or by trapline interference) could bias the results by progressively 
decreasing the proportion of choice in the remaining sets. This is espec­
ially important in late suimer and autumn. From the graphed curve of this 
hyperbolic function it was estimated that total yields for a line could 
approach 25 per cent and still be within the limit of validity for a large 
number of samples. But, total yield may not accurately represent the 
situation. In reality a line could be invalid at less than 25 per cent if 
all the captures were in succession at one segment of the line. Obviously 
the remainder of the line may have no effect on the outcome of choice; and 
the segment, being full, offered no choice to the last captured individuals. 
Live-trap results 
The Hav-a-Hart traps proved to be the most efficient in capturing live 
specimens. One line of 30 traps, 10 feet apart, gave a 50 per cent yield 
of Peromyscus in November 1962. No other type of trap used approached one-
half that record. In several lines where the Longworth or the Gunderson 
trap was placed with the Hav-a-Hart, mice were taken only in the latter. 
Of the Gunderson traps used, only one specimen, a Peromyscus. was taken in 
480 trap nights. This lack of success appears strange inasmuch as Gunderson 
(1950, 1962) used this box trap exclusively in his study. 
In lines and random sets of Hav-a-Harts I took 18 Clethrionorays alive 
for observations of behavior. 
Quadrat results 
In the only comparison where both quadrats were run for three days 
concurrently, one hexagonal and one square acre plot yielded 22 and 24 
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Microtus. respectively. The grassland sites appeared similar, but minor 
differences may account for the inconclusive results. The hexagonal grid 
pattern is easier to lay than is the square because the traps are equidis­
tant in all directions. Such a rigid grid system does not, however, meet 
Bole's (1939) requirement for most effective placement of traps. 
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SMALL MAÎ-WAL POPULATIONS: PART II. INTENSIVE STUDIES OF POPULATIONS 
Objectives 
V/hsreas population density estimates for small mammals depend in part 
upon the efficiency of trapping methods, these may also be greatly affected 
by species composition, season of the year, nature and size of habitat, 
availability of natural foods and disturbance of the environment. In pre­
vious experience it was noted that there appeared to be a marked difference 
in trapping response with variation in weather and in the amount of moon­
light. Thus, in order'to establish the validity of an index of population 
density it is necessary to determine the extent to which each factor influ­
ences the estimate. During sustained trapping periods this phase of the 
investigation was conducted vjith the following objectives in mind: 
1. To determine the species composition and social structure of the 
small mammal population in two habitats. 
2. To identify interspecific utilization of habitat space as revealed 
by trapping response. 
3. To identify species and community response to the cycle of moonlight. 
4. To identify species and cormnunity response in the foiik of immigra­
tion as a result of removal trapping. 
5. To determine the effect of weather variation upon other responses, 
6. To compare the effects of size of area and trapping pattern upon 
species response to removal. 
Review of Literature 
VJhen a large number of snap traps are set in a habitat where mice live, 
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there is usually a declining response frosi the first through the 3-4th day. 
It has generally been assumed that this decline in catch through time would 
continue. Based on this assumption various equations (Hayne, 1949b; Zippin, 
1956; Calhoun and Casby, 1953) have been developed for estimating the pro­
bable number of individuals in the total population. It has also been 
assumed that the captures for a 3-4-day period would reflect the relative 
species composition. By prolonging the trapping period it has been found 
(Calhoun, 1963; Patrie, 1958; Webb, I965), however, that the several species 
present markedly different patterns of capture over time. Invariably the 
two genera, Peromyscus and Clethrionorays. with the initial most rapid input 
were represented by only half as many captures as Blarina and Sorex. respec­
tively, which entered the traps more slowly. In an extensive analysis of 
prolonged removal studies by Drs, W. L. Webb, E, F. Patrie, K. R. Barbehenn 
and J. R. King, Calhoun (I963) concluded that the dominants, Peromyscus and 
Clethrionomys, inhibit the home ranges of Blarina and Sorex. thereby delaying 
the response of the latter pair to the traps. He has developed the concept 
of spacial distribution of home ranges whereby dominant species ideally 
exhibit an "hexagonal close-packing" arrangement, with the subordinate 
individuals occupying smaller home ranges at the interstices. The ensemble 
is termed a "constellation". The 1-2 ratio from empirical data is in har­
mony with theoretical concepts. As an explanation for the cyclic vraves of 
immigration into a removal study area, he postulates that some species of 
small mammals have a vocal signal detection distance equal to six sigma 
(%Aere sigma = one home range radius — approximately 50 feet for Clethrionomys ), 
and that they react to a "signal void" by moving into the vacated area. An 
extensive review of animal communication through signs and signals is given 
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by wynne-Sivjards (1962). Fredericson (1951) has shovm that animals attempt 
to make their environment predictable» Calhoun (o£, cit.) suggests that if 
we accept constancy of consequences as assuring greater predictability, then 
when members of a community have their home range centers at such an inter­
val that they may contact their neighbors the greatest predictability is 
achieved. It follows that to maintain contact vri.th neighbors animals must 
move toward a void created by ranoval of neighbors. Ehipirical data from 
experiments by Webb and Rosasco (1953) are in precise harmony with this 
theory, Stickel (19^ ) had earlier observed that continuous removal of 
Peromyscus leucopus (from a central acre-plot) was the major incentive for 
an extensive inward movement of neighboring animals (from 1? acres). She . 
also noted (ibid.;307); 
Animals taken first in the central acre were those whose normal 
ranges overlapped or closely approached this area. After these were 
removed from the area the animals captured in the central acre were in 
general those whose normal ranges were at succeedingly greater distances. 
Ingress was from all directions. Most of the animals taken in the 
central area were those with previously established nearby home ranges, 
not merely vagrant animals, 
Ihe reader is referred to Calhoun (I963) for derivation of formulae and 
elaboration on the ideas presented here. 
That weather and available moonlight has a marked effect on trapping 
response has been noted by several investigators. In Georgia, Gentry and 
Odum (1957) found significantly greater success on cloudy, warm nights than 
on clear, cool nights. Tappe (1941), Blair (1951), Pruitt (1959) and Hirth 
(1959) also found decreased activity among small mammals on clear moonlight 
nights. In 50 nights (3300 trap nights) of live trapping, Hirth (00. cit.) 
obtained a correlation coefficient of r = + 0,74 (P<,01) between activity 
of Peromyscus and sky cover of the night before captures. However, he did 
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not indicate how the moonlight cycle may have affected the results. He also 
claimed an inverse correlation between rainfall before midnight and trapping 
success, Pruitt (og,. oit. ) measured cloud cover vjith respect to moonlight 
and concluded that moonlight vas the most important factor in governing small 
mammal activity. In California, Tappe (o£, cit.) found that light intensity 
on clear, full moonlight nights is above the maximum tolerated by Dipodoays 
heermanni tularensis for normal emergence from its burrow. He also noted 
that "On nights when a bright moon is absent for only a short time in the 
early morning hours, activity is concentrated in the period of greatest 
darkness." 
In England, Tanton (19^ 5) found that few small mammals were caught if 
rain started before evening, if there was bright moonlight, or if there was 
a sudden drop in temperature. 
The most comprehensive statistical study of the influence of meteor­
ological factors on the capture of micromammalia was conducted in Poland by 
Sidorowicz (I96O). His conclusions are noteworthy: 
(1) Rain is the factor most strongly influencing the activity of forest 
rodents. It causes an increase in number of animals captured which rises 
with an increase in the intensity of rainfall. Most effective is rain fall­
ing throughout a 24-hour period. 
(2) Activity of rodents is greatest within limits of 13.1-16.0° C 
(minimum temperature) and 24.1-27.0° C (maximum temperature), 
(3) Captures depend on the course of the weather over a fairly lengthy 
period. Individual factors play a secondary part in relation to the general 
level of all factors. Variations in insolation markedly affect the numbers 
captured. 
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(4-) Conditions in which loss of heat occurs are more important than 
the temperature of the environment. The influence of cooling decreased the 
trapping results at both high and low temperatures, and had least effect 
between 15.1-20*0° C. 
Description of Study Areas 
In Iowa, vjhere the red-backed vole populations are known to exist, there 
remain only two relatively large forest remnants. The larger, Pilot Knob 
State Park and its contiguous wooded fringe, has approximately 400 forested 
acres in connected plots (Figure 8), The densest portion covers knolls and 
ravines in the northwest quarter of section three, tovmship ninety seven 
north, range twenty three west, in Hancock County, It is a mosaic of vary­
ing compositions including the top cover dominants of bur and red oaks,' 
shagbark and bitternut hickories, black vralnut and butternut, basswood and 
American elm with subdominants of black and choke-cherries, hophornbeam, 
green ash and boxelder. Aspen has invaded where oak wilt and winds have 
created openings. An almost impenetrable understory of dogtrood, hazel, 
gooseberry, raspberry, blackberry and the tangled vines of grape and ivy 
covers fallen logs and boulders. The brambles are thinner under basswood 
and elms in the lowlands and on north slopes. Prominent summer forbs include 
Dasmodium glutinosum (beggar's tick), Amphicarpa bracteata (hogpeanut) and 
Eupatorimn rugosum (white snakeroot). 
The other tract, called the North-Woods, is a thirty-five-acre privately 
owned plot two and one-quarter miles north of Pilot Knob, and legally 
described as the northwest quarter of the southwest quarter of section 
twenty two, township ninety eight north, range twenty three west, in 
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Winnebago County, Bur and red oaks, walnut and the hickories, American elm 
and basswood doaiinants comprise a mature stand with a more open understory 
of the cherries, hophornbeam, wild crab, dogwood, hazel, brambles and vines. 
In places, Laoortea canadensis (wood nettle) and Imoatiens pallida (jewel 
weed) grow in rank profusion, Rhus radicans (poison ivy), beggar's tick 
and hog peanut are common. Ferns are found in the lowlands. Aspen, green 
ash and hawthorn are found chiefly around the periphery. There has been 
some recent selective removal of mature walnut trees. Many trees, felled 
and rejected, lie amid the forbs on the forest floor. 
Both tracts are remnants of the once extensive forest within the "great 
circle". Although timber has been removed and some grazing has occurred, 
especially at Pilot lûiob, neither area has been denuded. Both areas have 
been protected from major disturbance for the past forty-five years. Some 
oak trees exceed 24 inches in diameter, walnuts exceed 18 inches, some 
cherry trees exceed 14 inches, and many grape vines are more than 4 inches 
in diameter. 
Methods 
Based on results from Part I trapping, the behavior of small mammal 
populations was studied with respect to prolonged removal and the effects 
of weather and other phenomena, I decided to use double-sets of Museum 
Special traps throughout the various experiments. Peanut butter was used 
for those that were baited. All stations were marked with three-foot paint-
tipped dowels. 
In the center of the wooded area just northwest of "the knob" there was 
established a quadrat consisting of five west-east lines spaced at 30-foot 
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intervals. In each line, 30 stations of double-sets were placed 20 feet 
apart. The traps on lines one, three and five were "factory-fresh"; those 
on lines two and four had been used. All sets were baited and placed in a 
suitable location within two feet of the station marker. This grid pattern 
was in operation 63 days from 6 July to ^  September 19^ 6, inclusive. 
Because the North-Woods is a snaller tract, a modified North American 
trapline was oriented along the north-south axis. At 60-foot intervals 
15 stations were established, each consisting of four pairs of double-sets 
placed two to three feet from the marker. Tvjo pairs were baited and set 
diagonally opposite. The other two pairs were "factoiy-fresh" unbaited and 
set opposite on the other diagonal (Figure 2?). 
U 
60' 
stat ion 
marker 
B 
60 next 
stat ion 
B i U 
Figure 2?. A trap-station plan in North-Woods, 
(B = Baited set; U = Unbaited set) 
showing four double-sets 
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In order to compare the effects of weather and season on trapping re­
sponse, this line began operation on l6 July and continued through 8 Sept­
ember, offset by 10 days from the schedule for the Pilot Knob grid. Toward 
the end of tliis period, from 5-8 September, a double-set of baited traps 
was placed at the center of each interval between station markers to deter­
mine the effectiveness of the spacing chosen. At the same time two lateral 
lines were established, one line 100 feet to the west and the other 150 feet 
to the east, parallel to the main line. Each consisted of 30 stations of • 
double-sets at 20-foot intervals. Their purpose was to determine the extent 
of depletion of the contiguous populations. 
All lines were run and reset as early as possible after sunrise. Obser­
vations were recorded, and captures were tagged and stored in a freezer as 
soon as possible. In late afternoon all lines were run, baited and reset. 
Following a rain, all traps were replaced vdth dry ones, because viet traps 
warp readily and are frequently jammed. They also quickly become moldy, 
and the metal parts rust. 
Data from areas trapped during the period 7 July to 8 September 1966 
gave a total of 25,672 trap nights from the two test plots: 
Results 
Habitat 
Test 
Method Trap nights Station nights 
No. of No. of No. of 
Days 
Pilot Knob Forest Quadrat 18,660 9,330 63 
54 North-Woods Forest Lines 7,012 3,506 
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Pilot Knob Forest 
Throughout the 120 x 580-foot quadrat the distribution of captures 
was remarkably uniform for each genus (Figure 28). Station captures repre­
sent the results of acceptance of habitat by immigrants as well as by the 
local population» There is no apparent indication of microhabitat prefer­
ence due to differences in topography or vegetation. It is concluded that 
minimal requirements for population continuity and community organization 
are provided throughout this mosaic which is typical for the park. 
Immigration response Following a precipitous decline in captures 
during the first 4-7 days (Figure 29) there appears to be a regularity of 
community response to the trapping effort. Assuming that the initial 
response represents a large proportion of the local population, for dominant 
species, the cyclic recurrence of maximal captures implies waves of immigra­
tion, The composite of daily captures, by genera, shows a slight displace­
ment of their respective peaks, which is an expected result of differential 
behavior and interaction of species (Calhoun, 1963). Climatological 
factors, discussed later, differentially delay or accelerate specific 
response and thereby influence the position of the peaks. Nevertheless, 
there is remarkable uniformity of community response at 5-day intervals. 
In sustained removal trapping it would appear that an immigration 
increment should be adjusted for reproduction, because in a 60-day period 
additional generations of mice are possible (Gunderson, 1962:28), However, 
trapping data indicate that it is chiefly adults that are being captured, 
thereby removing breeding stock, Calhoun (I963) regards the immigration 
as a movement in response to a signal void rather than due to reproduction 
recruitment. 
Figure 28, Pilot Knob quadrat shovrLng total number of captures, by 
genera, taken at each trap-station during the period ? July -
7 September 1966 (S = Station numbers, at 20-foot inter/als; 
L = Line numbers, at 30-foot intervals; Top of page = East) 
a. Sorex 
b. Clethrionomys 
c. (Page 117) Blarina 
d. (Page 117) Peromyscus 
e. (Page 118) Zapus 
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Figure 29. Composite of daily captures, by genera, showing regularity 
of immigration response to removal trapping at Pilot Knob quadrat 
(Relationship to rainfall and to the moonlight cycle is shown) 
Weather: g = heavy rain or thunder storm 
0 = light showers or drizzle 
0 = more than 5/lO cloud cover, all levels 
Q = less than j^ lO cloud cover, all levels 
Time: = before 6:00 hours 
= 6:00 to 9:00 hours 
= 9:00 to 12:00 hours 
= 12:00 to 15:00 hours 
= 15:00 to 18:00 hours 
= after 18:00 hours 
Moonlight cycle: Vertical bars = Daily proportion of moon surface 
which is dark. The distance above the cycle line represents 
the proportion of the nocturnal period that the amount of 
moonlight is available above the horizon = Effective moon­
light. n.m. = new moon. f.m. = full moon 
Immigration response : X = Maximal capture peaks (uncorrected for ' 
weather and other factors) 
Order of genera in "Sura of daily captures": 
I I = Peromyscus (top line) 
= Clethrionomvs 
J = Zapus 
= Blarina 
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In Wabb and Rosasco's (1953) experiment, analysed by Calhoun (1963:80-86), 
the radius of the circular trapline was 562 feet vihich allowed complete 
circumferential responso u-ithout signal detection across the area. Frora this 
circle outward, each successive band of equal lâdth (6 home range sigra-a) 
contained a larger area and proportionately more invaders, V/hereas, Calhoun 
(log, cit.) found a 15-day interval between waves, for Clethriononys alone, 
the extensive forest allowed a projected radius of 2072 feet to the edge of 
the outermost wave-band of immigrants, without running out of forest. By 
contrast, at Pilot Knob the entire area is insufficient to accommodate such 
a radius in all directions. In Figure 30, for CIetbrionomys, one might 
visualize capture peaks (20 July, 6 August and 22 August) vriiich approximate 
15-day intervals, but there are no increasing total captures for the success­
ive periods as were found by Webb and Rosasco (o£, cit.). This may be ex­
plained by the fact that, external to the habitat, the peripheral animals 
have a signal void to v:hich, compared with the trapping area, they are 
equally drawn thereby limiting the later responses. Thus my 5-day response 
interval poses a problem. 
VJhereas Calhoun (op, cit,) has calculated a signal detection distance 
of six home range sigma, he considers that the effective reaction distance 
is less than three home range sigma. The composite graph (Figure 29) 
indicates community readjustment following removal of respective waves of 
each species. Because the ;fidth of ray quadrat is only 120 feet a wave of 
immigration may detect signals from the opposite side tAien it has approached 
to ISO feet from the nearest edge. It may react to signals at a distance 
of 30 feet, or nearly one home range radius for Clethrionomys, Because 
this is true for both sides of the quadrat, it follows that there is the 
Figure JO, Daily captures of Clethrionomys at Pilot Knob quadrat 
during the period 7 July - ? September 1966 (Relationship to 
moonlight cycle is shown; n.ra. = new moon; f .m. = full moon) 
DAIUY CAPTURES MOONLIGHT CYCLE 
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beginning of mutual repulsion of both waves vriien they have arrived simul­
taneously at the borders of the quadrat. If vie assume that distance for 
average immigration wave movement is proportional to time, then this last 
short distance may be responsible for the 5-day response interval. A math­
ematical treatment, outside the scope of this thesis, vjill be necessary to 
provide a theoretical basis for the relationship of area shape and size to 
the frequency of immigration vjave response » 
Response to weather A relationship of trapping success to weather 
conditions was attempted by associating daily captures vâth cloud cover and 
time of rainfall (Figure 29). This symbolic treatment appears inadequate 
without exact measurements of barometric pressure, humidity, rainfall, temp­
erature, insolation and other factors, as presented by Sidorovâcz (I960). 
However, from my journal entries of weather descriptions for the summer, too 
voluminous for full inclusion, it appears that occurrence of a rapid change 
in any or several of the weather conditions is associated with diminished 
captures during that time. To cite a few: On 18 July a cold front passed 
through, accompanied by light shovrers and electrical activity. This may 
have caused the sudden decline in captures for the night of the I8th when 
the actual trend of captures vas increasing, and delayed the expected peak 
one more day. On 26 July there was a rapid change from cold to warmer 
temperatures, accompanied by thunder storms with obvious changes in baro­
metric pressure. The subsequent precipitous decline in captures recorded 
for the morning of 27 July seems to be associated with the weather change, 
as does also the premature (by one day) peak of captures occurring on the 
28th which would result from a response to rainfall (Sidorowicz, I960). On 
6 August the peak is again premature in response to two days of rain. There 
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follows, on 7 August, a sharp decrease coinciding vrith a sudden thunder 
sto mi of the preceding evening. A steady drizzle continued during most of 
the day and night of I3 August. Surprisingly, few traps were sprung as a 
result of the rainfall. Subsequent increases in captures persisted for 
several days following the rain. The interpretations are in hara:ony with 
the conclusions of Sidorovjicz (o£. cit. ). Coincidently, the previous 
adjustments for weather regulaiûze the 5-day cycle. Since the original 
intent had been a correlation of trapping success trith weather, the cyclic 
response was recognized secondarily. In the light of Calhoun's 15-day wave 
interval vjhich x^ ra-s first expected, the lesser cycle appeared as a surpris­
ing development. 
Response to moonlight The experience of decreased trapping response 
during nights vnth bright moonlight had suggested a possible correlation of 
small mammal activity id-th amount df light. Accordingly, a moonlight chart 
was superimposed upon the graph of daily captures (Figure 29). For simplic­
ity a linear relationship is used for proportion of the moon surface vAiich 
is dark; that is, no correction was made for curvature of moon surface. 
Thus, the longest lines represent nights of no moonlight, the shortest lines 
represent nights of full moon, and the length of the lines are proportional 
to the time interval (The Nautical Almanac for the year 1966, 1964). IVhere-
as the distance above each black line represents proportion of moon surface 
reflecting light, it must be noted that the moon is not exposed above the 
horizon at the same time nightly. The duration of exposure was calculated 
and plotted as a line crossing the "light lines". Distance above the 
"exposure line" represents proportion of each 12-hour nightly period that 
the moon is above the horizon, and thus represents relative amount of light 
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during each night. It can be noted that lows of response do occur precisely 
during the full moon, and a hirap of highs during the darker portions of the 
moon. Inasmuch as othor factors have their individual izupact superi-^ iposed 
upon the noon cycle, it lAould be noted that other lows occurred at points 
within the 5-àay intervals, and were also explained by weather changes. 
A plotting of 3-day capture totals at each peak of the _$-day intervals 
(Figures 31 and 29) shows good agreement viith the moonlight cycle. Amazingly, 
a plotting of 2-day capture totals at each midpoint of the 5-day intervals 
shows a similar curve. The lowest lows occur at full noon, and the peaks 
at the dark of the moon. By circuitous reasoning, the correlation of 
captures with the moon cycle tends to verify the existence of the 5-day 
intervals; and, to a lesser extent, also justifies the adjustments due to 
weather changes. It is noted that each cycle also shows a dip precisely 
at the dark of the moon. V/hether the decreased activity is due to lack of 
moonlight or to coincidental lows of the irar.ûgration cycle is not knotm. 
Community social structure A balanced community of small mammals, 
adjusted to their environment, is adduced from the ratio of total-captures, 
by genera: 58 Sorex» 90 Blarina. 93 Clethrionomys. 280 Peromyscus and 
43 Zapus. The Chi square test for an apparent 1:2:2:6:1 ratio gives a value 
of 3«11 ï-Jhich is not uncommon, at the 50+ per cent level (Snedecor, 1956:28). 
The significance, however, rests in the precise total (12) of the ratio by 
genera which agrees exactly with Calhoun's (1963:57-63) theoretical constel­
lation size having highest probability of developing. 
According to Calhoun (1963:52) a dominant species in the community 
reveals itself during removal trapping through its members having such large 
home ranges that every individual living near a trap has a high probability 
Figure 31. Plotting of capture totals at peaks and troughs of S-day intervals 
related to the moonlight cycle (Pilot Knob quadrat data during the period 
7 July - 7 September I966; 0 = 3-day capture total at a peak; X = 2-day 
capture total at a trough; n.m. = New moon; f.m. = Full moon) 
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of encountering it. Thus, for then, fov;er days lapse from initiation of 
trapping until 50 per cent of the population is caught. As can be seen in 
the study (Figure 32), Clethrionor.ys and PeroiiVYKcus are codoniinant in spite 
of the disparity in nuinbers taken. For Sorex and B3.arina the dates of 50 
per cent removal arrive much later. The later the date of 50 per cent removal, 
the more subordinate a species, and the more slowly its members expand their 
home ranges as the don-iinant species is removed, Zapus, though represented 
by the fewest captures is only slightly subordinate to the ti-jo dominants. 
A replotting of data (not shown), based on the first 30 days only, revealed 
no material shift in position for the five genera. The results compare 
favorably with data from Barbehenn, Hinckley, Patrie, and Webb as analysed 
by Calhoun (I963). Since a theoretical constellation anticipates a higher 
proportion of Sore:-:» apparently its population was low at that time. The 
time-lapse response for Sorex, at 50 per cent removal, implies that the 
genus has the smallest home range in the community (Figure 32). Points of 
inflection occurring at approximately 15-day intervals also imply a smaller 
communication distance and/or smaller home range, because the genus was not 
affected by the vndth of the quadrat, but responded in the same manner as in 
the study of Webb and Rosasco (1953)® In contrast, the waves of immigration 
response for the other four genera occur at regular intervals — approx­
imately five days (Figure 32). 
For Peromyscus the ratio of I96 males to 84 females is consistent with 
the results obtained by Burt (1940) and Stickel (1946) vjho implied a greater 
wandering tendency in the males. This tendering trait is less evident in 
C3.othrionomys in which the ratio 53 males to 40 females. This compares 
favorably ifith the data of G-underson (1962:59). Thus it appears that the 
igure 32. Continuous removal study shovring social relationship ariong 
genera at Pilot Knob during the period 7 July - 7 September (The 
more dominant a genus happens to be the sooner will $0 per cent 
of its members be trapped) 
a. Clethrionomys. Zapus. Sorex 
b, (Page 132) Peromyscus. Blarina 
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male Peromyscus most influences expansion in hone range for that species» 
vjhereas this role is shared by both sexes in Clethriono.^ .ys» Therefore, in 
terms of equal densities, C.l:'thriono:r.ys z^ iay be the nore aggressive genus and 
should be able to inhibit the range of Perorr^ .yscus. From other data, Calhoun 
(1963:52) reached the same conclusion. 
Specimens of the tw species ware classified in the field into three 
age groups (adults, sub-adults and juveniles) on the basis of size (weight), 
pellage color and breeding condition. The respective ratios were 210:61:9 
for PeroTiyscus and 55:36:2 for Clcthrionczys« Because the duration of the 
trapping period allowed sufficient time for maturation of individuals, no 
significance should be attached to the adult-sub-adult ratio (Gunderson, 
1962:27-30). Ho vie ver, the low figures for the juvenile class indicate a 
marked restriction in the home range for the very young. The effect of 
reproduction during the trapping period has been discussed. 
Seven Clethrlonomys were captured during the day-tiae, indicating a 
7.5 per cent diurnal response to trapping. Fourteen Tarsias striates were 
captured, but there were many sprung traps which had chipmunk tails or hair 
in them. The species probably accounted for most of the nineteen traps 
vfnich were lost. One Mus and one Microtus were taken in the vjoods. 
North-Woods Forest 
The distribution of captures along the line is irregular for all the 
genera except Peroirtyscus. indicating a variety of micro-habitats (Figure 33), 
Responses A longer period (14 days) was required for the initial 
decline to reach a minimum (Figure 34). Considering that this trapping 
pattern was set ten days later than the one at Pilot Knob, it should show 
either a cyclic response coinciding with elapsed time, or a response assoc-
ure 33» North-Woods trapline sho:-."in2 total number of capturas, 
genera, taken at each trap-set vTithin each station during the 
period 17 July - 8 September 1966 (S = Station numbers, at 60-
foot intervals; U = Unbaited double-set, unshaded; B = Baited 
double-set, shaded in Figure) 
a. Sorsx 
b. Clethrionoinys 
c. Zapus _ __ 
d. (Page 136) Blarina 
e. (Page I36) Perorayscus 
135 
Sub­
to ta ls  
Tot  o is  
a .  Sorex 
7-
I  
//• 
J. 
T 
I 
/! 
1_ 
"v 
-V-
U = 2  
8 = 3  
5 
b.  C le th f ionomys 
3 
/; 
•/ 
kF-
3 
! ]  
2. 
' )  I  
^ ^  
T" 
- —— V 
U = 10 
B -  8 
I  8  
c ,  Zopus 
t Î 
\ 
r; 
S:--
U = I  9  
8 = 8 
27 
136 
S d,  B lo f ino  
1 5 
>/ 
2 9 
1 
. ,  
,y 
1 
1 4 
1 3 
"t 
v 
1 2 
y 
2 
/' 
1 
if 1 
1 1 
1 2 
1 0 -4 
9 y 
8 \ \ .  
S 
— 
7 
/ 
s-
6 
/ 
5 
— 
2 
\\ 
1 
4 
1 -V 1 
3 
/ 
--
2 
w 
2 
/ 
4 
— 
1 
y 
1 
\\ 
/; 
e.  Peromyscus 
; 3 1 
3 
7 
1 
2 
6 
1 
/ •  
. . . . .  
4 
5 
4 
1 2 
5 
1 6 
2 
1 
y-
2 
2 
2 
2 f 1 
4 1 
y 1 
3 
1 
2 
4 
4 /: 
5 
3 /> 1 
3 y 
1 _ 
V 
L  ^
1 
x 
2 
t. 
1 V 
3 
3 
(_2. 
5 
2 
5 
Su b— 
t o t a l s  
T o t a l s  
U  =  1 7  
8 = 11 
28 
U  =  3 9  
8 = 9 2  
1 3 1  
Figure 34. Composite of daily captures, by genera, shovdng regularity 
of immigration response to removal trapping at North-'^ oods trap-
line (Relationship to rainfall and to the moonlight cycle is shown) 
'.Veather: S= heavy.rain or thunder storm 
= light showers or drizzle 
Time : 
0 = more than ^ /lO cloud cover, all levels 
[] = less than 5/IO cloud cover, all levels 
= before 6:00 hours 
= 6:00 to 9:00 hours 
= 9:00 to 12:00 hours 
= 12:00 to 15:00 hours 
= 15:00 to 18:00 hours 
= after 18:00 hours 
Moonlight cycle: Vertical bars = Daily proportion of moon surface 
•which is dark.' The distance above the cycle line represents 
the proportion of the nocturnal period that the amount of 
moonlight is available above the horizon = Effective moon­
light. n.ra. = new moon. f.m. = full moon 
Immigration response: X = Maximal capture peaks (uncorrected for 
weather and other factors). ? = Peaks 
Order of genera in "Sura of daily captures": 
I I = Peromyscus (top line) 
1^ ^^  = Glethrionomys 
I I = Zapus 
I I = Sorex 
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iatad \d.th the occurrence of meteorological phenomena and immigration wave 
intervals irrespective of the offset period, or some evidence of both. It 
is noted that the period 1? through 23 July coincided with the lowest levels 
of moonlight, and animal captures are continuously high. In response to the 
void created by removal of animals in the vicinity of the trapline, peri­
pheral animals began to move inward during the period of greatest activity 
extending the trapping response ^ -5 more days, (A.t Pilot Knob the immigrants 
probably delayed their movement due to the greater amount of moonlight 
during the earlier period, 7-12 July, Figure 29.) The minimum is reached 
at the time of the full moon. Another minimum, less distinct, occurs at 
the next full moon. 
A paucity of individuals, probably due to the smaller size of this 
area (35 acres) may account for indecisive peak periods. However, there 
appears to be groups of captures centered at intervals between which there 
are definite breaks in response which cannot be explained by weather, 
because during these breaks the Pilot Knob quadrat had continuous response. 
These centers occur at 11-day intervals, which is close to double that of 
the Pilot Knob 5-day interval, yet they are independent of the dates of 
occurrence of the latter, indicating that waves of immigration are a 
function of elapsed time. The distance from the trapline to either border 
of the woods is only 660 feet, or 13 home range sigma, so that animals at 
or beyond the first wave band (6 home range sigma) may be conditioned to an 
external signal void gradient. This may contribute to the delayed response 
to trapping and account for the longer time interval. 
During the last four days no captures of any species occurred in the 
traps set midway between stations, although 1 Blarina and 4 Peroayscus were 
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taken at the stations. A 60-foot interval is apparently as effective as 
lesser distances in demonstrating trapping responses over a period of time 
providing there is an adequacy of traps at each station (Calhoun and Gasby, 
1958:12). During the same period, one lateral line yielded 1 Sorex. 
1 Blarina and 12 Peroayscus; the other yielded only 10 Peromyscus. All 
were adults. Thus a relatively high population of Peror.ivscus remained 
within 2-3 home range radii from the trapline without being dravn toward it. 
Because here a narrow line was used, compared to the 120-foot vâdth of the 
Pilot Knob quadrat, a mathematical treatment of signal densities i-zill be 
necessary to provide a theoretical basis for the relationship, 
CoiCTunity social structure In this community of small mammals no 
apparent balance is indicated by the ratio of captures for genera: 5 Sorex. 
28 Blarina, 18 Clethrionomys. I3I Peromyscus and 27 Zapus. Sorex. which 
should normally outnumber either of the dominants, is incompletely repre­
sented in a typical constellation (Calhoun, I963)» 
Based on 50 days of trapping, the date of 50 per cent removal is reached 
on the fifth day for Peromyscus. sixth day for Zapus. eighth day for 
Glethrionomys and fifthteenth day for Blarina» The relative positions are 
the same for the first 30 days of trapping, Peromyscus and Zapus share 
dominance over other species. It should be noted (Figure 33) that no red-
backed voles were taken in nearly half the trapline, Tnus, the small 
number of Clethrionomvs captured, the lack of its response on the lateral 
lines, the restriction of its home range by both Peromyscus and Zapus and 
the limitation of habitat acceptable to the species all indicate the pro­
bability that size of the area may be minimal to sustain a population. At 
other woods where total habitat appeared ideal compared to Pilot Knob, the 
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animal was never found in an area of less than 20 acres. 
The ratio of 85 males to 46 females for Paromyscus and 11 males to 7 
females for Clethrionoiws is comparable to previous results. No juvenile 
Clethrionomys were taken, and only I3 juvenile Peromyscus v'ere captured. 
Validity of trapoins: results In the comparison of unbaited traps 
versus baited traps, total captures are in apparent contradiction to the 
results of the previous U-B line tests. However, in contrast to the 1-3-
night stands of the U-B lines, this North-Woods line vras in a fixed position 
for 54 nights. An analysis of the results, by genera, at each station 
(Figure 33) leads to some important conclusions. 
It is obvious that some stations were consistently favored by certain 
genera. Thus, nearly one-half of the total Blarina were taken at station 
number 15, and over one-half of the total Clethrionomys were taken at 
station number 2. 
Likewise, at a given station, certain trap-pairs were also favored. 
Because, for Blarina. the totals-ratio of 1? to 11 favoring unbaited traps 
is the reverse of expected results on the previous U-B line, it is noted 
that 9» which is more than one-half of the total unbaited captures, were 
taken at one of the two unbaited positions at station 15. The disparity, 
there, of 9 to 1 for the same kind (unbaited) of set clearly indicates 
fortuity of trap position. This is especially true because there ifere three 
specimens taken in the tw baited sets compared to one in the second un­
baited set. Therefore, the ratio of 10 to 3 cannot constitute proof of 
response choice between unbaited and baited traps at that station. It is 
concluded that the results must be due to the fortuitous positioning of 
the trap-set. 
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For Clet'irionomys the totals-ratio of 10 to 3 favoring unbaited traps 
is also the reverse of expected results. It is noted that 6, or one-third 
of the total captures, were at one of the two unbaited positions at station 
number 2. Fortuity of positioning is again indicated. 
Peromyacus i-jas represented by relatively even distribution along the 
trapline. The genus apparently enjoys unrestricted occupation of the entire 
area regardless of vegetational differences because favored location or for­
tuitous positioning of traps is not apparent. Although the totals-ratio of 
92 to 39 favoring baited traps is high, the direction is consistent tzith 
previous U-B line results for the genus. 
Distribution of Zapus indicates no favored location nor fortuitous 
positioning of traps. The ratio of 19 to 8 favoring unbaited traps is 
consistant t-iith previous U-B line results. 
Clearly, distribution of captures along the trapline and the analysis 
of each trap station is important to interpretation of the resulting totals. 
Conclusion 
The results in this phase of the investigation do not necessarily 
prove the validity of Calhoun's (I963) theory. Tiiey may, as Calhoun stated, 
"prove that the fonuulation is not ifrong". It is of interest that empirical 
data are in harmony with his theoretical concepts. 
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Population Density 
Because most of the trapping in this study was done to determine the 
presence or absence of Clethriononys, few sites vrere retrapped annually. 
Thus it is difficult to determine annual variation in the density of a pop­
ulation of the species. The maximum number of specimens taken on a line of 
60 traps was five in 19o2, one in 19^ 3. three in 1964 and six in I965. The 
highest yield, 10 per cent (or 15 par cent based on 40 stations), falls 
considerably below Miller's (1954) record of 21 per cent in August 1953. 
However, he did not describe his trapping pattern. Differences in year, 
season, location, vraather, moonphase, trapping pattern and other variables 
make a comparison risky. 
During the five years, I962-I966, various traplines captured 98 indi­
viduals. The only area sampled was the Pilot Knob quadrat from which 93 
specimens vrere taken during 63 nights of trapping in I966. It required six 
nights in which to reduce the yield to zero before apparent immigration 
began. In this interval 12 males and 11 females were taken. Using the 
inclusive boundary strip method for the calculation of population density 
(reviewed by Stickel, 1954), the effective area of the quadrat was calculated 
as 2.65 acres. Thus the density was close to 9 Clethrionomys per acre. At 
0.22 acres per male and 0.24 acres per female, the results compare favorably 
with data presented by Gunderson (I962) whose mean areas were 0.33 acres per 
male and 0.28 acres per female. His calculated extreme home ranges for in­
dividual adult males varied from O.O6 to 1.92 acres, and from 0.06 to 1,25 
acres for adult females. Using the same method, Blair (1941) found an 
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average of 1.3 acres, each, for four red-backed voles in northern Michigan. 
Frenael (1957) calculated the average as O.83 acres for each of 42 voles in 
northeastern Minnesota, Butsch (195^ )» using the exclusive boundary strip 
method, gave the average home range of 71 adults as 0.059 acres each; where­
as Morris (1955) calculated the average as 0.6 acres each for 15 voles cap­
tured. It appears that differences in time, techniques and in populations 
make comparisons difficult. 
Webb (1965).considered that he had removed the bulk of the resident 
population of small mammals from three islands of 30, 12 and 5 acres. For 
Clethrionomys he calculated the catch as 4.4, 3.2 and 2.4 per acre, respec­
tively. From a comparison of capture rates he considered it likely that 
island population densities are lower than those on the mainland. 
Using empirical data, Preston (I962) formulated a relationship between 
numbers of individuals, numbers of species and area. If vra regard Pilot 
Knob State Park as a "land-island" isolate, the total number of mammal 
species, as well as the population density of Clethrionomys is in close 
agreement ifith the hypothetical predictions of Preston (ibid.) and with the 
experimental results of IVebb (o£, cit. ). 
Activity 
It is commonly considered that the activity periods of small rodents 
are chiefly nocturnal. Yet, on some traplines up to 20 per cent of the 
yield for Clethrionomys indicated diurnal activity. Bailey (1926) and 
Goodwin (1929) reported considerable daytime activity for the species in 
more northern latitudes. With the exception of one instance where two in­
dividuals were observed climbing up a pile of shingles near my laboratory 
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trailer, I never saw voles in the study areas. Vfhile searching for nests 
I was successful in finding those of Microtus and Peromyscus. but never 
Glethrionomys. Over a period of three years, 1? red-backed voles were caged 
for observation. It was noted that individuals used their exercise wheels 
at any time of the day or night. In an extensive series of experiments on 
activity rythmis, Pearson (1962) noted that Ç. rufocanus and Ç. pilareolus 
have natural periods of activity during the entire diel cycle. 
Seasonally, specimens %vere taken during each month of the year. Those 
captured diurnally during the hottest periods in summer may have responded 
during the cooler portions of the day (just after the morning trap-run or 
just prior to the evening trap-run) as judged from their condition. That 
low temperatures do not limit activity of the species may be judged from 
the capture of two specimens from Kaplan '/foods, Steele County, Mnnesota, 
on 29 December 1962. Temperatures for two days and the intervening trap-
night ranged from Û® to -10° F, accompanied by strong northwesterly winds. 
All traps were set on bare ground of the forest floor. 
Population Characteristics 
Sex ratios 
Of the 191 red-backed voles captured during five years, there were 9^  
females and 97 males. The ratio, 49.2 per cent females, compares favorably 
with Gunderson's (1962:59) eight year average of 49.9 per cent females. 
Number of embryos 
Tirenty-three females had 109 embryos for an average of 4.74 embryos per 
female, with a range from 2 to 9. There were 5 lâth 4 embryos, 9 ifith 5 
embryos and 4 with 6 embryos. Gunderson (op. cit.) and Hall and Kelson 
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(1959) gave the usual range as 4 to 6 enbryos par female. In Caeckoslovakia 
Zejda (1966) found an average of 5 embryos par female for 925 pregnancies. 
In Finland, Kalela (1957) found an average of 6 embryos per female for 222 
pregnancies and noted an increase in litter size vjith increasing latitude. 
Breeding 
Because collecting efforts vrere mainly during summer months, and only 
23 parous females v^ ere collected over this period, it is impractical to 
define a breeding season for Iowa. Embryos ware found from I6 June to 7 
September. VJhen the ages of embryos were back-dated to the time of fertil­
ization, there was no grouping of dates for breeding. Examination of pla­
cental scars indicated that overwintering females may have 2 to 3 litters 
during the year in Iowa, as thsy do in Minnesota (Gunderson, 1962), while 
as many as 4 litters occur in Finland (Kalela, 1957). Newson (I963) in 
England, Zejda (I966) and Kalela (1957) report that the genus breeds during 
the vjintertime but on a reduced basis. Of the 6 females which I captured 
during the period I5 November to 27 February, none showed evidence of breeding, 
Maturation 
Young born early in the season may have a litter during the year, 
according to Gunderson (1962:28) who found that on 9 August 1950 one female, 
60 to 70 days of age, gave birth to young. Age, weight and size of females 
vrare correlated tvith breeding season, litter size and number of litters in 
an extensive study by Zejda (I966). For 341 parous females he found less 
statistical variation when litter size n-xas correlated with body length than 
when it was correlated vâth weight, Kalela (1957:15) and Gunderson (1962:28) 
preferred to use body weight as a measure of growth and maturation. 
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Gunderson (ibid,) found evidence of breeding in females at less than 11.7 gm 
and in males at 10.1 gm; he arbitrarily classified all specimens over 11 gm 
as adults. An example of variability between weight and size for specimens 
captured in Iowa is given in Figure 35* The shortest body length and the 
lowest weight at which females were found vri-th embryos were 86 mm and 16.4 
gm, respectively. For males at approximately the same weight there is a 
sudden increase in length of testes from 4 or 5 mm to 10 to 12 mm. Kalela 
(1957**16) foxind mature spermatozoa in all testes of a length of 7 mm or 
more. In Figure 35 it is noted that few males under 15*5 gm have testes 
exceeding 7 mu in length. 
Another method of age classification, unique for the genus, is based 
on the growth of the roots of the molars, as described by Kalela (1957:15)» 
Until the end of September the molars of the first-year animals are still 
rootless, whereas in the molars of ovend.ntered individuals the roots are 
evident. For Iowa a sufficiently large sample for analysis T>ms prepared 
only for the year 1962. Of the 51 individuals examined, 15 (vrith weights 
from 15.8 gm up) apparently had overwintered, 17 (with weights from 16.2 
gm up) presumably were early young of the year and 19 (vjith weights below 
16.2 gm) were late young of the year. By sex, 5 males and 10 females had 
overwintered. 
From experience in raising litters of Glethrionomys it has been noted 
that 10 gm is the approximate upper limit of weight for the young at the 
time when intra-litter strife results in the death of young. This is approx­
imately the weight below which the youiig are weaned. Accordingly the young 
were regarded as sub-adult when they were rejected from the family circle. 
Thus, with allowance for the weight of embryos in females and for the 
Figure 35. Variability in body weight and body length in Clethrionomys 
compared to breeding condition, in Iowa 
a. Females (X = With embryos; 0 = Without embryos) 
b. (Page 150) î-îales (X = Testes exceeding 7 mm; 0 = Testes less 
than 7 mm 
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siso of tha testes in males, specimens over 15 S® were listed as adult, 
those 10 to 15 gm as sub-adult, and those under 10 gm as juveniles. On this 
basis it was noted that very few (1,8 par cent) juveniles were taken in snap 
traps during the intensive study. However, removal of pregnant females 
during 63 consecutive days of trapping undoubtedly reduced the potential 
increment of young animals. Those which were juvenile at the beginning of 
the period probably were the sub-adults which periodically moved into the 
area. 
Food Preference 
In general, green vegetative parts of herbaceous plants predominate in 
the food of Clethrionomys gaoperi. Bailey (1926) noted that seeds (unspec­
ified) were utilized in season, and that the stems and bark from girdled 
young trees and shrubs were staples in winter. He added that the voles are 
known to eat their ovjn kind or other mice caught in traps. I have also ob­
served cannibalism, in this case vjithin a few minutes after two or more cap­
tives were confined to the same cage. In Finland, Kalela (195?) found that 
Clethrionomys rufocanus preferred young shoots of blueberry (Vaccinilum 
myrtillus) and bog-bilberry (V, uliginosum). and avidly consumed their re­
spective fruits in season. Shoot tips and leaves of Betula sp., Salix soo, 
and Emoetrum nigrum (Crovjberry) were also important in the diet. 
The most extensive food preference study on Clethrionomys glareolus \<ras 
conducted by Holisova (i966) in Moravia. From analysis of stomach contents 
she identified: seeds of species of Galium. Urtica. Circaea, Impatiens, 
Stachys and Rumex; bark of Sambucus, Fraxinus, Quereus. Rubus (raspberry) 
and Loranthus; fruit of raspberry and a Loranthus berry; fungi and lichens. • 
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Availability, especially seasonally, played a decided role in food prefer­
ence among acceptable items. Among animal components, geometrid moth larvae 
were prevalent during May, and some annelids during the spring. Holisova 
(1966) found little evidence of raaiEualian tissue in stomach contents and 
concluded that cannibalism occurs x-arely in the species. She related food 
preference to season of the year and to the sexes. Positive evidence is 
presented that in the spring this species climbs to the top of oak trees to 
eat young leaves and shoots. 
I examined the stomach contents of I50 Clethrionomys, 63 Peromyscus. 
32 Zapus and 2 I-îicrotus taken in forests. Many of the contents vzei^  too 
finely ground and mushy to allow identification, so that food items were 
classified into types (Table 29) and listed by frequency of occurrence in 
stomachs for each of three genera. Specific observations follow; 
Clethrionomys 
Females, especially those vdth embryos or which were lactating, had 
the largest quantity (up to I.5 gm) of food in their stomachs when captured. 
This constituted over 8 per cent of the body weight in several instaiices. 
Mushrooms were readily detected by odor, color and texture and appeared to 
constitute nearly 100 per cent of all stomach contents whenever they were 
available during the summer. The same was true for raspberry and blackberry 
from mid-July through mid-August. Finely chopped seeds of Desmodiura 
glutinosum appeared in amounts from $0 to 100 per cent during late August 
and early September. At most times, indistinguishable and finely ground 
or shredded vegetable matter made up the balance of the diet. Some shreds 
resembled shredded stem material of raspberry or blackberry. Insect parts 
occurred in fevrer than four per cent of the stomachs and constituted a minor 
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fraction of the quantity. If lai-'/ae vrere eaten the material was not ident­
ifiable, and integuments were lacking. 
Captive voles readily accepted mushrooms, raspberries, blackberries 
and Desmodiurii seeds. Commercial bird seeds, especially Helianthus sp'o., 
were eaten. The animals gnawed through acorns and hazel nuts t-zith difficulty 
and rejected hickory nuts completely. VJhen we removed the kernels from the 
shell, all three nuts were acceptable in limited aiuounts. Cultivated grapes 
were avidly eaten but vïild grapes were rejected. Peanut butter, * cheese and 
lettuce were eaten in limited quantities» 
Peromyscus 
Mushrooms were infrequently encountered in stomach contents. Rasp­
berries and blackberries were eaten in season, but not as exclusively as 
with Clethrionomys. IVhen they became available about mid July, acorns and 
hazel nuts constituted nearly 100 per cent of the contents of many stomachs. 
Large quantities of the nuts were stored in caches. Parts of insects, 
chiefly orthopterans, and of centipedes vjere found in 35 per cent of the 
stomachs. Stems and hulls of small berry-like fruits were common in late 
summer. Unidentified vegetable matter was definitely different in color and 
texture from that in the same classification for Clethrionomys. 
Captive Peromyscus readily accepted acorns, hazel nuts and hickory nuts 
in the shell, Desmodium seeds and commercial bird seeds were eaten. Rasp­
berries, blackberries and cultivated grapes were accepted, but the vrlld 
grapes were rejected. 
In a test Peromyscus, fed chiefly on acorns and hickory nuts supple­
mented with raisins and lettuce, are still thriving after 10 months in 
captivity; whereas five Clethrionomys, fed on the same diet, lost 40-^ 0 per 
15^ -
cent of their vjsight and died within, three to four months. Temperatures 
were optimum (Opsahl, 1959); space was adequate; exercise wheels were pro­
vided; and water ivas not limited, 
Zaous 
minimal natter may have constituted a major portion of the diet. Kost 
of the unidentified matter had the appearance and consistency of finely 
chewed animal matter. Graham (1929) found that mice, in eating larval forms, 
discard all the skin and hard parts and consume only the soft tissues. Thus 
insect food is not as evident when an examination of the stomach contents 
of mice is made. Unidentified matter bore no resemblance to anything 
normally found in the stomachs of the red-backed voles. Because Zamis 
hibernates it is non-competitive with Clethrionomys during autumn, winter 
and early spring, 
I-iicrotus 
Only two specimens of Microtus that were taken in the woods ^ rare 
examined in this study. In the stomachs of both there was 100 per cent 
green vegetable matter resembling grasses. 
Discussion 
There is minimal overlap of food utilization between the genera. Use 
of some items appears to be a matter of availability rather than necessity. 
From evidence in this study and in Kalela (1957) and Holisova (1966) it 
appears that Clethrionomys is non-competitive with the other genera in the 
matter of food dependency. 
\ 
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Habitat Proferencs 
Introduction 
Near Storrs, Connecticut, Hirth (1959) compared habitat preferences of 
small main-nials for three serai stages: pioneer stage, iriidsere and oak-hickory 
association. Kg captured 18 specimens of Clethriononys. 14 of which i^ERE 
taken in the nidsere; location of the other 4 was not specified. The mid-
sere was described as dense brush, including birch (Betula so. ) *vri.th canopy 
height of 30 feet, and young oak and hickory vjith diameter at breast height 
(dbh) of 3-4 inches. The pioneer stage contained young birch, ash and juni­
per vjith dbh of two inches. In the latter sere Hirth states that most of 
the small mammals were captured from the ends of the trapline in the dense 
vegetation. From his photograph and description of the pioneer stage (old-
field) it appeared to be far advanced toward a brushy stage. Evidently in 
Connecticut the red-backed vole favors brush and woods. Microtus was not 
mentioned among the genera captured, so I assume that it was absent from, 
the study sites. 
All Iowa captures of Clethriononys tare in brush or vk>ods; none occur­
red in grasslands. The most favorable combination of vegetation included 
oaks, hazel, dogwood, gooseberry, raspberry, blackberry, grape vines and 
Desmodium glutinosum. '.'/hereas Weller (1961:3^  litt. ) had taken the species 
on the bog mat in early winter, I vkis unable to obtain any there during the 
spring and summer of I963. Yet, Gunderson (1950, 1962) reported marked 
success in the bogs of Anoka County, Mnnesota. He concluded, "Toward the 
southern edge of its geographic range the red-backed vole seems to inhabit 
more humid habitat than it does farther north". By contrast, ray captures 
occurred mostly on the xeric slopes of the oak-covered knolls even during 
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the hottest part of the summer. It should be recalled that Miller's (195^ ) 
phenomenal success occurred on the highest knoll in the park during early 
August 1953. 
I also obtained good yields in several wooded lowlands. However, if 
the habitat was actually moist, and included grasses or sedges, Microtus was 
occasionally encountered even in the center of a dense forest. Hoslett 
(1961) noted that Microtus migrated from a flood-plain into an adjacent oak-
1 
hickory association during a period of high water. However, they returned 
to the flood-plain immediately after flood waters subsided. 
Water requirements for the red-backed vole are reported (Gunderson, 
1962:84) to be more than double that for Peromyscus. and 1.6 tiraes that for 
î'ilcrotus (Getz, 1962:566). G-etz noted, however, that Clethrionomys was able 
to adjust to a 67 per cent decrease in its water rations, whereas Microtus 
could adapt to only a 28 per cent decrease. 
Species composition of small marnrag.1 faur.a 
Comparison between forest and old-field (1964) 
Trapping method During the period I3 July to 5 August a compar­
ison vras made of small mammal species composition in the old-field versus 
that in the adjacent forest to the north (at Pilot Knob Stats Park). In each 
area traplines were established along the five lines where vegetational an­
alysis was conducted, A trapline consisted of 20 stations, 25 feet apart, 
vTith three baited Museum Special traps set within five feet of each station 
stake. Each line was in operation for three consecutive nights. A pair, 
one woods line and one old-field line, were always run concurrently. 
Results In each study area 900 trap nights were accumulated. 
•The old-field traplines yielded 8 Sorex. 48 Microtus. 14 Zapus, 6 Citellus 
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and 10 Parûriyscus (of which 8 were definitely P. raanic'-latus and 2 were 
doubtful). Traplines in the woods yielded 2 Sore:-:, 8 Blarina. 2 Microtus. 
4 Zapus, 4 Clethrioncmys and 39 Perotnyscus l.eucoous. 
Clearly Microtus and Peroinyscus maniculatus favor the prairie-like 
grassland of the old-field; whereas their forest concomitants Clethrionomys 
and P, leucoDus favor the oak-aspen-hazel association of the woods. This is 
consistent with previous results and t'ri.th that of other worker:;. No signifi­
cance for habitat preference should be attributed to the disparity in dis­
tribution of Blarina and Zapus. During other years Blarina was frequently 
taken in the old-field, and Zapus was equally prevalent in adjacent woods 
(Chapters: Small Maxaual Populations: Parts I and II), As expected, 
Gitellus was taken only in the old-field; whereas its forest concoraitant, 
Tamias« was found only in the wooded areas (during previous trapping). 
Of the two Microtus which were taken in the woods, one was captured in 
an open grassy area near the edge and the other was taken from a small grassy 
site vjithin the woods. Conversely, Clethrionomys was taken only in dense 
brush or woods. 
At habitat boundaries (1963-1964) 
Trapping; method In 1963 an effort was made to determine 
whether Clethrionomys normally emerges from its woodland habitat and invades 
adjacent grassland during the summer. On the southern edge the old-field is 
also bordered by an oak-aspen association. A dense brush of sumac, brambles, 
young ash, oak and aspen forms a narrow boundary between habitat types. A 
line of 50 stations, 10 feet apart, was established along this woods-edge. 
A single Hav-a-Hart live trap (size 3 x 3), baited with peanut butter, was 
set at each station. The live captures were marked by toe-clipping and 
158 
released. This line was run five times from 2? July to 21 August at weekly 
intervals. It was discontinued due to continuously severe predator inter­
ference. The Kav-a-Harts were then replaced vdth open-top fruit-juice cans 
(7 inches tall by 4 inches in diaineter) sunk flush vâth the ground level. 
The tops of Number 10 cans, weighted r^i.th stones, were used for lids when­
ever the line was not in use. No bait was used. Many beetles, found in the 
cans, probably attracted small mammals, especially shrews. The line was run 
seven nights in November 19^ 3 and 40 nights from 11 June to 28 July 1964. 
Results In 2600 trap nights there were captured of the follow­
ing genera: 74 Sorex, 5 Blarina. 17 Microtus. 2 Peromyscus, 1 Mus and 
6 Zapus. During the first nine trap nights, 21 of the animals were marked 
and released. However, on each of the first, third and fifth nights a gray 
fox had neatly tipped over several Hav-a-Hart traps. Interestingly, many 
Sorex were found 8-10 inches in front of their respective tipped traps where 
they apparently had been rejected by the fox. Due to such potential inter­
ference the marking was discontinued. Several snap trap lines, previously 
placed out in the old-field, had given a high yield of Microtus whose pre­
valence at the woods-edge may preclude the presence of Clethrionomys; none 
of the latter were taken there in either year. Thus it is doubtful that 
any could have been lost during the nights of prédation. A high population 
of Sorex characterized the woods edge in 1964. Host of the Sorex and Zaous 
îvere captured in the open-can traps. 
Another woods-edge, at an old farmstead across the road, one quarter 
mile v'fi'Jl'/ of the park, provided interesting data. A fenceline separates the 
dense forbs, brush and trees from the heavily grazed adjacent woodlot t\rith 
dense top canopy but barren ground cover, to the west. Snap trap lines gave 
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a good yield of Clethrionoiriys in the brush and precisely along the fenceline. 
But in repeated attempts, traplines set in the woodlot five feet and ten feet 
out from the fenceline failed to take any of the voles in the grazed area. 
At fore st-old-field boundary (1966) 
Trapoina: method Another kind of test was devised in an attempt 
to determine the possible movement of the red-backed vole across the forest-
old-field boundary. In the old-field, 20 feet out from the edge, a west-
east line (PK-6) of 30 stations was set. Baited double-sets of Museum 
Special snap traps, 20 feet apart, were placed within two feet of each stake. 
The line began on 21 August and continued for nine days. On the third day 
a similar line (PK-7) was established in the boundary strip, 20 feet south 
and paralled to PK-6, and continued for nine days. Likewise on the sixth 
day a third line .(PK-8) was established in the woods edge, 20 feet further 
south, and continued for nine days. And on the ninth day, when PK-6 was 
removed, a fourth line (PK-9) was laid 20 feet further into the woods and 
continued for nine days. Thus, by a progressive movement of trapping effort 
it was expected that species of small mammals characteristic of the grass­
land habitat would be removed and prevented from interfering with the re­
sponse of those species more characteristic of the woods. 
Results Daily captures, by genera, from 2l60 trap nights on 
the "moving line" quadrat are given in Table 30. Microtus responded in 
the grassland and at the boundary, but not twenty feet into the woods. 
Peromyscus leucopus responded at the woods edge and all the way into the 
woods, but not 20 feet out on the grassland. Both shrews were especially 
prevalent at the boundary. Zapus was ubiquitous. Tamias first responded 
to the line 40 feet into the woods. One least weasel, Mustela rixosa. 
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was taken on the boundary line. The trapping effort failed to obtain 
Clethrionomys. even in the woods which in previous years had yielded 
specimens of the genus. 
Discussion 
On the basis of trapping response iii Iowa during the sumr.er, it appears 
that Clethrionomys favors conditions provided by an adequate ground cover 
of forbs and canopy of brush or ti'^ es. It also appears that there is no 
significant overlap of habitat preference between Clethrionorays and its 
grassland concomitant, Microtus. The red-backed vole does not build run­
ways (Bailey, 1926), whereas the meadow vole builds runways in grassland. 
Microtus does not normally invade forest areas. Thus, the two genera may 
be mutually exclusive in their choice of habitat in this part of their range. 
Interspecific Relationships 
The Holarctic and ivide latitudinal distribution of Clethrionomys in­
dicates a genus highly adaptable to a variety of factors within its range. 
In its favored habitats, spatial dominance over other genera has been dem­
onstrated in this study as well as by Calhoun (I963). Webb (I965) and Patrie 
(1958). That it is relatively non-competitive with its co-dominant, 
Peromyscus. is apparent for several reasons. Food preferences, or utilis­
ation, by the species differ materially. In comparing this study i-iith the 
results of Killer (195^ ) it appears that the red-backed vole can expand its 
numbers independently of the presence of Peromyscus. My trapping results, 
and those reported by Calhoun (1963) indicate that the converse is also 
true. Calhoun (ibid.;52) believes, however, that Clethrionomys is capable 
under some circumstances of inhibiting the range of Peromyscus. Yet, he 
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adds, "In more northern forest habitats, Poro.nvscus rarely is found in the 
absence of Clethrionoinys. In fact, it is as if the red-backed mouse is just 
superimposed upon the simpler Peroinvscus-Blarina-Sorex community of more 
southern forests." 
As demonstrated in this study, and mentioned by Bailey (1397), Hirth ' 
0-959), Caneron (1965) and others, Clethrionomys along the southern margin 
of its range seems never to invade exclusively grassy areas regardless of 
population density. The seeming dependence of the genus upon certain 
forest-associated food stuffs probably precludes its extension away from 
this habitat. By definition, forest and brush vegetation is not character­
istic of grassland, whereas graminoid forms frequently persist at woods edge 
and in open areas VTithin a forest. Consequently I'-Iicrotus. although commonly 
dependent on grasses for food (Thompson, 1965)» is not thereby confined to 
grasslands exclusively, but may occupy woods edge or open spaces in forests 
wherever grasses or equivalent succulent vegetation found. In rlinnesota-
Gunderson (1950, 1962) found both species in the bog habitat, although he 
considered that their respective population densities varied viith the nature 
of the vegetation, Webb (I965) took both species in about equal numbers from 
forest habitats on 5 and 12-acre islands in New York. However, strong eco­
logical competition between the two microtines is claimed by Cameron (I965). 
He cites the fact that distribution of the genera is mutually exclusive on 
all offshore oceanic islands. Some forested islands are inhabited by 
Microtus and others by Glethrionomys. V/hereas Cameron's offshore islands 
represent population adjustments through long periods of time, Webb's lake 
island populations could have been replenished from the mainland during 
any vânter. Both situations represent more northern latitudes and/or more 
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humid climates than are found in Iowa. 
Of the 523 Microtus which I captured from many locations in Iowa, only 
five specimens were taken in forests — in semi-open moist grassy "spots". 
Coincidently, Clethrionomys was also present in these same five forest sites. 
Conversely, in most of the ^ 0,000 trap nights in many forest locations, 
neither microtine was encountered. It is clear that, in Iowa, the presence 
of Clethrionomys is not necessary for the exclusion of I4j.crotu5 from forest • 
lands. Thus it appears that the absence of grass, rather than the presence 
of trees or of the red-backed vole, probably excludes Microtus from ecolog­
ical competition with Clethrionomys in forests of the north central united 
States. 
Distribution of Clethrionomys 
The location of the original discovery of the red-backed vole in Iowa 
has been misrepresented as having included Winnebago County along i^ rith 
Hancock County in the designation. Dr. Cantrall (1966:0^  litt.) explained 
to me the discrepancy which I summarize as follows: 
The northern boundary of Pilot Knob State Park lies on the line between 
the two counties. A county-line road from the west was the only road con­
necting Forest City with the northwest corner of the park. The discrepancy 
of distances v;as due to estimation from two different reference points south 
of Forest City. The road continued for three-quarters of a mile, as a trail 
to the eastern entrance of the park. In both years the traps were set in 
a hummocky area, like a slough, about one-quarter mile along this trail. 
Evidence from trapping response indicates that, in Iowa, Clethrionomys 
is associated with woods and brush. The first one-half mile (80 acre) strip 
on the north side of tha trail was cleared by the oimer, Nathan Brones (1962: 
personal communication), in 1912, and has been under cultivation ever since. 
The land on the north side is generally higher and more gravelly than on the 
south side. There are no hummocky low spots anywhere along the north side 
of the boundary; but there are two on the south side, at approximately one-
eighth mile and at three-eighths mile. I therefore conclude that the tvro 
specimens taken by Dr. Cantrall were associated with the vegetation and 
topography within the park, as he described it, and are properly referred 
only to Hancock County. The specimens taken by Miller and Weller, associa­
ted i\n.th park landmarks, are likevjise within Hancock County. 
The vole is well distributed throughout the park. I took specimens 
from twenty different locations x-âthin its boundaries, and from one line in 
the contiguous woods to the northeast. Four sites in the thirty-acre county 
woods, bordering the park on the west, yielded specimens. However this area 
was subject to heavy grazing during 1964-1966 and the yield of all genera 
dropped markedly ifith the disturbance. The small, undisturbed, brushy area 
(a farmstead) northwest across the county-line road from the county woods 
gave specimens from two lines. A thirty-five acre, undisturbed forest two 
and one-half miles north of the park yielded specimens from seven of the 20 
sites tested. Four forest remnants along the outer moraine in Worth County 
yielded one specimen each. And, from the Kaplan Woods just southwest of 
Owatonna, Steele County, Minnesota, two specimens vare captured during sub­
zero weather on the 29th of December I962, Legal designations of all these 
locations are as follows (US Department of Cqmmerce, i960)(Figure 36): 
Figure 36. Outer, eastern moraine of the Cary-j-ankato drift of the 
Des Moines lobe, Wisconsin glaciation, shovdr.g trapping sites 
(X = Locations where Clethrionomvs was captured; 0 = Locations 
where Clethrionoriys was not found; Scale: 5/Ô inch = 6 miles) 
V//À = Eastern moraine (Altaraont in Iowa) 
= Coteau des Prairies (on Algona moraine) 
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All woods which appeared most likely to offer a suitable habitat for 
the vole ware tested. Wide gaps (Figure 36) between sites are due to lack 
of any woods or of woods with undergrowth. 
The discoveries by Orr in Rice County and by Beer in Nicollet and in 
Dakota Counties, Minnesota, have been previously described (Figui^ 3 2). 
Present distribution of Clethrionoiuys in Iowa and in southern Minnesota 
is discontinuous, but indicative of a well defined previous line of contact 
in post-glacial times. 
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DISCUSSION 
Clethrionomys gapperi is obviously a boreal species, but it is v/idely 
distributed and tolerates mid-latitudes which provide a micro-habitat that 
is non-limiting. It is clearly associated vri.th the lateral, especially 
eastern, moraines of the Cary-I'Iankato drift. The species favors woods and 
dense brush on the peaty, sandy soils of the knolls and poorly drained rav­
ines, In repeated attempts by several investigators the animal has never 
been found outside the topographical and vegetational combination described 
for this area. A possible explanation for this unique distribution in Iowa 
is as follows: 
During early post glacial tines the flora and fauna of north central 
Iowa and south central Minnesota were continuous (Walker, I965). There are 
at least five major factors which contributed to the present discontinuity 
yet permitted retention of more northern features in an isolated southern 
system ; 
(1) The rainfall gradient correlates highly vrlth vegetational distri­
bution in both Iowa (Figure 6) and Minnesota from western prairies to 
eastern woods, 
(2) Intercalated xeric periods (Lane, 1931) between 8000-3OOO BP undoubt­
edly further accentuated the prairie vegetation across western and southern 
Minnesota, 
(3) The presence of prairie (Figure 5) favored frequent, perhaps annual, 
conflagrations (Andreas, 1875; Shimek, 1948) which, during the autumnal dry 
periods with accompanying seasonal southwest winds, pushed prairie borders 
to the north and east until they reached a moisture barrier in their res­
pective localities. Recourse to the land survey maps (Trygg, 1964) for 
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south central Minnesota and north central Iowa indicates that in the prairie 
areas inhere woods are found along streams or around lakes and svmmps, the 
woods are almost exclusively on the north and/or east sides of the moisture 
barrier. Intermittant streams, easily crossed by fires during dry periods, 
show continuous prairie on both sides. 
(4) With an increase in latitude there is a decrease in temperature, 
radiation and évapotranspiration approaching conditions more like those in 
the major range of the red-backed vole. In contrast, there are few local­
ities within the southern prairies where long-range climatic changes have 
permitted the persistance of sufficient moisture in micro-habitats to 
compensate for the higher air temperature. 
(5) Poor drainage patterns within the eastern lateral moraine favored 
retention of moisture in the sandy soils (McBride, I903). Accumulation of 
organic matter in the peat bog deposits contributed to this retention and 
development of a moisture barrier to fires. The resulting higher water 
table favored continuous forestation and minimized erosion of the knolls. 
Based on the effects of the above factors in combination, the following 
explanations are suggested, for the respective areas, as governing condi­
tions which may have permitted or excluded populations of the vole; 
(1) The Lake Traverse and Lake Big Stone area possesses minimal condi­
tions for a population. Although it is at the lower end of the rainfall 
gradient, retention of moisture is favored by the higher latitude and by 
its location on the western moraine and on the continental divide at the 
headwaters of two river systems (Figure 4). At the lakes, rivers and the 
moraines there probably were sufficient moisture barriers to local prairie 
fires, such that woods and brush were continuous with time. 
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(2) Central Minnesota, the Coteau des Prairies and the south central 
lowlands are all relatively flat prairies (Figure 4). The shallow drainage 
pattern offers inadequate moisture barriers. Formed as an outvrash of the 
retreating glacier, the eastward flovâng Minnesota River was ineffective 
except in its Immediate valley. An isolated population of the vole may be 
anticipated only in the protection of the lakes and swamps at the eastern 
edge of the prairie, as in Nicollet County where continuity with the adja­
cent known range is apparent. South of the river no population is expected. 
(3) The eastern pre-Cary drift-i-jas prairie at the pre settlement land 
survey (Trygg, 196^ ). Evidence (iValker, 1945) indicates that this condition 
has prevailed for the past 3OOO years. Accentuation of prairie during xeric 
periods, from 8OOO-3OOO BP, may have constricted or eliminated the few 
wooded sites at creek bottoms and marshes. Absence of moraines precluded 
conditions favorable to the vole. The crascentic pattern of grasslands 
extending northeast to and across the Mississippi River below St, Paul, 
Minnesota presented an effective barrier to extension of the vole's range 
from the north. 
(^ ) Southeastern Minnesota and northeastern Iowa have been described 
as the deeply eroded driftless area inhere adequate rainfall permitted forests' 
extending onto the uplands since JQOO BP (Schwartz and Thiel, i963). From 
the adjacent pre-Cary drift (Figure 4) extension of prairies dominated the 
highland during the preceding xeric periods. Effective isolation by these 
prairies probably accounts for the apparent absence of Clethrionomys. 
(5) In Minnesota the eastern outer moraine of the Des Moines lobe is 
not completely coincidental vdth wooded areas of the pre-settlement era 
(Figures 36 and 37). Prairies dominated knolls at the edge of Mower County 
Figure 37. Presettlement vegetation in south central Minnesota and 
north central Iowa (after Trygg, 196^ , based on US land 
surveyor's original plats and field notes; Shaded area = prairie; 
Open area = Woods and swamplands; Scale; 7/16 inch = 6 miles) 
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and the eastern portion of Freeborn County; whereas trees were associated 
ifith the swaxps and lakes of central Freeborn County. During the xeric 
periods encroachment of encircling grasslands upon these marshes may vzell 
have obliterated potentially suitable habitats and effected a substantial 
separation of the Iowa populations from those in east central I-Iinnesota. 
Since the xeric periods this gap may have been real from upper i'/orth County, 
Iowa to lower Steele County, Minnesota. Northward there was a continuous 
combination of moraine, forests, peat bogs, adequate rainfall and cooler 
latitude favoring the animal. 
(Ô) In Iowa below the Winnebago River there vra.s prairie even across the 
morainic knolls (Trygg, 1964). A well defined drainage pattern, ineffective 
moisture barriers, and the disadvantage of more southerly latitudes pro­
bably precluded suitable habitats for the vole. 
(?) Within the "great circle" of the Winnebago River there has existed 
an ideal combination of conditions. Poorly drained uplands of the divide 
meet the most prominent knolls in the outer eastern moraine of the Des 
Moines lobe (Figure 4). Sandy soils and accumulated organic matter favored 
retention of moisture from adequate rainfall (McBride, I903). Protection 
from prairie fires was afforded by adjacent marshes and the encircling river 
system (Andreas, 1875)• Forest probably persisted even during more xeric 
periods (Lane, I93I). The area is large enough, 15 miles id.de by 25 miles 
long to the northeast, to provide sufficient micro-habitats for retention of 
flora and fauna characteristic of late post glacial times. Pilot Knob State 
Park with its contiguous woods and the woods two and one-half miles north 
of the park are the only major remnants of this ancient forest that are 
reasonably natural. Man's constriction of the known habitat continues vjith 
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the clearing, grazing and recreational usage of the last small parcels of 
land upon which the animal is found. Disturbance of any potentially suit­
able location in the seemingly discontinuous areas to the north has obviated 
any possible connection of the local population ivâth similar populations in 
the southernmost limits of its range in Minnesota. Tnls discontinuity has 
become increasingly restrictive upon any possible dispersal over the last 
120 years of land usage. The outlook for survival of this relict popula­
tion of the red-backed vole in the state of Iowa is bleak. 
Based on geological and vegetational evidence in post glacial tiiaes, 
the present potential distribution of Clethrionomys gaapari in Iowa and 
adjacent areas is suggested in Figure 38, with allowance for extension along 
major rivers. Comparison vâth the range as given by Hall and Kelson (1959) 
is indicated. 
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in north central United States 
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sUi-zasY 
This investigation is concerned ivith the distribution of an apparently 
isolated population of the red-backed vole, Clothrionomys gapoeri. and with 
its relationship to the flora, fauna and abiotic factors of its environment. 
(1) During the six years, 19oi-1966, over 60,000 trap nights v;ere accum­
ulated in developing survey techniques, searching for the vole and determin­
ing intra- and inter-specific relationships of small cianmal populations. 
Trapping was conducted in Iowa (1? counties), Minnesota (3 counties). South 
Dakota, Wisconsin, and Manitoba on 432 traplines. 
(2) It was demonstrated that under most conditions a double-set of 
Museum Special traps is more than twice as effective as a single-set in cap­
turing small maiznals. "Factory-fresh" unbaited traps were shovm to be highly 
selective for some species. 
(3) The present range of Clothrionomys in Iowa was determined to in­
clude only: Pilot Knob State Park and contiguous woods in Hancock County, a 
35-acre tract of woods tm and one-half miles north of the park in Winnebago 
County, and three small wooded reianants five miles ENE of the park and a 
tract of woods four miles SSW of Northwood in Worth County, Discoveries of 
the vole in Winnebago and Worth Counties are new. The discovery, by the 
author, of Clethrionomys gapperi in Kaplan Woods, Steele County, Minnesota 
on 29 December 1962 represents the southernmost extension of its known range 
in that state, 
(4) During sustained removal studies the small mammal populations of 
the park forest demonstrated cyclic responses to trapping which appear to 
be correlated inversely vixth the amount of moonlight. Waves of immigration 
into the trapping area were noted, and deviations from a time cycle appear 
to be due to weather conditions. 
(5) Temperatures, humiditios and light penetration v:ere compared at 
several levels in tha micro-habitats of Clethriono^ ys and J-Iicrotus. During 
the suicier the effect of canopy in forest and brush was to lower the maximum 
terûperatures approjojnately .8° and 7° F, respectively, below that found in 
the old-field. Vapor pressure deficits were more constant in the forest and 
siuch less during laidday than in the old-field. Light penetration in the 
forest and brush was reduced by canopy to less than two and three per cent, 
respectively, of full sunlight. For the old-field, penetration among grasses 
and forbs approached 20 per cent, 
(Ô) Using several census techniques, plant communities in the park were 
compared. A collection of vouchor specimens was made of plant species com­
monly found. Frequency of occurrence of major plant species was determined 
in a forest and in an old-field habitat. The results were correlated with 
the presence of the red-backed vole and of its grassland concomitant, the 
meadow vole. 
(7) Four annual surveys revealed a high rate of invasion of the old-
field by woody-steimaed plants. Since the last hay Tjas removed in I962 the 
present, I966, census accounted for an average of 481 trees and 260 shrubs 
and vines per acre. A brushy stage is expected in 6-10 years, similar to 
that which developed in a nearby site where the red-backed vole now is found. 
(8) From trapping results it appears that in its favored habitat 
Clethrioncmys gappsri is a dominant species, a role vjhich may be shared by 
Peroffivscus leucopus. Food preferences indicate that little dietary competi­
tion exists between the two species. There appears to be mutual exclusion 
in habitat preference between C. Kapoeri and Hicrotus pennsylvanicus. 
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(9) Vegetational studies and trapping data oorabined viith geological, 
cliraatological and historical evidence indicate that Pilot Knob State Park 
is in the center of an area that remained as a relict from the post glacial 
period. 
(10) It is concluded that the continued presence of Clethrionomys . 
gaooeri in this area was due to the protection of its habitat during xeric 
periods in post glacial times. It is suggested that conditions which 
contributed to the fortuitous position of the area and to sustaining the 
forest cover included: (a) bogs and swaïips along the Coteau des Prairie 
where headwaters of the drainage pattern were sluggish, (b) blocking of 
drainage by the Altamont Roraine of the Cary-I-Iankato drift and (c) encircle­
ment of the area by the tvro branches of the Winnebago River. This coinci­
dental combination may have provided a sufficient moisture barrier to 
prairie fires. Post glacial xeric periods probably precluded severance of 
the less well-protected wooded corridor northward along the eastern moraine. 
Subsequent isolation of the area from continuity with similar habitat types 
far to the north has left a relict population of the red-backed vole in 
Iowa» 
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Table 1. Institutions uhich reported possessing no specimens of C].F::.\riono-v 
southeastern South Dalccta, southern Minnesota, or ixr/ 
location in Iowa ('--Special ccnraent in text) 
Person responding Date 
Uo So National Kaseun: & 
Biological Survey Collection 
University of Illinois 
University of Wisconsin 
(Madison) 
Wisconsin State University 
(La Gx-osse) 
University of Kansas 
University of Nebraska 
University of South Dalcota 
South Dakota State University 
Augustana College 
(Sioux Falls) 
University of Minnesota 
Kuse'ca of Natural History 
University of I-Iinnesota 
Division of li'jtosology « Zoology 
VJinona State College 
St, Olaf College 
îlankato State College 
Carleton College 
Gustavus Adolphus College 
Rochester Junior College 
University of Iowa 
Museum, of Natural History 
State College of Iowa 
Davenport Public Museum . 
Coe College 
Cornell College 
Grinnell College 
Luther College 
Waldorf College 
VJartburg College 
Ssthervillë Junior College 
Richard H, Manville 
Donald F. Koffiueister 
Jon Ghiislin 
Kov;ai=d Young 
Frank Bo Crocs 
Harvey L. Gunderson 
Byron E, Harrell 
Ernest J. Kugghins 
S, G. Froiland 
A^lbert W. Erickson 
•''James R. Beer 
•^ Jazces F« Opsahl 
*Koi%ird Orr 
Oliver S. 0::en 
Williaa H, Kuir 
W, D. Tanner 
Kenneth Llakinen 
Walter C. Thietje 
i-Iartin L. Grant • 
i-Iichael VJ« Hager 
Karl S. Goellner 
David L, Lyon 
Kenneth Christiansen 
Sheraan Hoslett 
Ron Nellersioe 
KUr.er W. Hertel 
W. S. Blagen 
11 July 1962 
9 July 1962 
1 Aug. 1962 
24 Sept.1966, 
12 July 1962 
3 Feb. 1967 
21 Feb. 1967 
24 Kar. \967 
31 Jan. 1967 
14 Oct. 1966 
17 Mar. 1967 
14 Oct. 1966 
28 Sept.1966 
9 Aug. 1962 
28 Jan. 1967 
28 Sept.1966 
28 Sept.1966 
6 July 1962 
26 Fab. 1967 
21 June 1966 
1 Oct. 1966 
4 Feb. 1967 
17 Oct. i9c6 
31 July 1962 
17 Feb. 1967 
28 Sept.1966 
1 Sept.1962 
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Table 2o A list of flora collected at Pilot Knob State Park during tha 
suzncr months, 1963-1966 (nonenclat'ure after Gleason, 1963; S = also 
listed by Shimek^  1917a) 
Equisetaceae 
Equisetua sop a Joint grass, horsetail# 
Polypodiaceae 
Adiantuz pedat-gi'io Maiden hair fern. 
Pinaceae 
Juniperus virginina» Red cedar, S 
Salicaceae 
Populus grandidcntata. Large-toothed aspen. S 
PoDulus Sai'^ entii» Great plains Cottonwood. S 
Populus trenroloides. Quaking aspen. S 
Saiix fragxlis. Brittle vdllow. 
Juglandaceas 
Carya cordiforais. Bitternut hickory. S 
Cai'ya ovata* Shellbark, shagbark hickory. S 
Butternut. S 
5'uglans nigra » Black walnut. S 
Botulaceae (= Corylaceae) 
Corylus anericana. Hazel. S 
Ostrya virginiana. Hop hornbeam; ironwood. S 
Fagaceae 
Quercus alba, vrnite oak. S 
Boreal is (= Q. rubra)» Red oak. S 
Quercus coccinea. Scarlet oak. S 
Quercus ëTIïpsolaalis. Jack oak, northern pin oak. 
Duercus* nacrocarpa. Bur oak. S 
Qllërcîïs" vëïïïïlnas Black oak* S 
Ulniaceas 
Celtis occidentaliso Hackberry. S 
Ulraus aniericana. American elm. S 
lilaus pumila « Siberian eln. 
Moraceae 
Morus rubra. Red mulberryo 
Cannabinaceas 
Cannabis sativa. Hemp. 
Table 2. (Continued) 
190 
UiToicaceao 
Laportaa canadensis. Wood nettle» 
Urtica dioica (= Û. proccra). Nettle» 
Aristolochiaceae 
Asarum canadense . Wild ginger«, 
Polygonaceae 
Polygonum aviculai-s « Smart'.vead» 
PolY%on%m cocoinevjj. Water sinartwesd« 
Poly%cnu3 cenvoiviil'ds» Black bindwood. 
Polygonum erectn-Ti. Smartvreedo 
"Polygon-gra p eni'^ GyIvanic^ 3 » Sinartv/eed. 
Polygonum pgi-sicariao Lady's thimb, 
Runex altissiaus» Water dock. 
RuiT;a>: crispus » Sour dock. 
Kumex naxicanusc, Mexican dock. 
Chenopodiaceae 
Chenopodi'jg albrii, Laiab's quarters. 
Portulacacsae 
Claytonia virginica. Spring beauty. 
Caryophyllaceae 
Lychnis'albs* Whits csnpion. 
Silene stellata» Starry campion. 
Stellaria madia. Coipzaon chickivaed. 
Nymphaeacaas 
Nuphar advena. Spatter-dock, yellow water lily* 
Kyj'phaea tuber osa. Water lily* 
Sanunculaceae 
Actaea alba» WMte baneberry. 
Actaea rubra* Red baneberry. 
Aneacne scp. Anemone, iiind-flower. 
Aneaonslla thalictroides» Rue anemone. 
Âquilegia canadensis. Columbine. 
Kepatica acutiloba» Kepatica. 
Isopyru'B biternatuao Isopyrum. • 
Ranunculus pennsylvanicus. Crowf0ot. 
Ranunculus spp. Crovifoot. 
fhailctrua dasycarpua.. Meadow rue. 
Berberidaceae 
Podophyllum peltatua. May apple, mandrake. 
Table; 2. ( Continued ) 
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Lauracoae 
Sassafras albidua. Sassafras 
Papaveraceae 
Sanguinaria canadensis. Bloodroot® 
Funariaceas 
Dicentra cucullaria. Dutchman's breeches» 
Cruciferae 
Cansella bursa-pastoriso Shepherd's purse. 
ÏJëpidI'ua densiflorm. Peppergrass» 
Rorippa islandica* Harsh cresso 
Sigymbriug altissimuz. Tumbling mustard. 
Droseraceae 
Dr OS era rotundifolia» Sundevf. 
Saxifragaceae 
Ribes spp. Gooseberry. 
Rosaceae 
Agrimonia gryposepala* Agrimony. 
Ainelanchie'r canadensis. Serviceberry, shad-bush. S 
Crataegus mollis » Ha?,thorn.) thorn-apple, S 
Crataegus Kavrthorn. S 
Frageria virgin!ana. Strawberry. 
Geurg canadense « Avens o 
Potentilla norvegica« Cinquefoil. 
Potentilla recta. Cinquefoil. 
Prunus anericana. Wild plum. 
Pjcus ioensis, Wild crab. S 
Rosa spp. Wild roseo 
Rubus strigosuso Red raspberry. 
Hubus occidentalisa Black raspberry, 
Rubus spp. BrambTe, blackberry, dewberry. 
Spiraea alba. Spiraea. S 
Leguminosae (Minosaceae, Caesalpiniaceae, Fabaceae) 
Airphicarpa bracteata. Hog peanut, 
Saotisia leucantha. False indigo, 
Cercis canadensis. Red bud* 
Desmodius canadense. Tick trefoil, 
Desaodiua glutinosum. Tick trefoil, 
Latb.yinis venosus. Vetchling, 
Lescedesa capitata. Bush clover. 
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Lsgusinosae (L'ir-osacefie, Caesalpiniaceae, 
0^) (Cont o) 
ladics^ o lu-julina» Black medic» 
Leôica%o sativaa Aliaifao 
yelilotus alba o White sv/eet clover o 
Zclilot^ s officinalis» Yellow av/eet clover » 
Petalostimia p^ irpureuric. Prairie clover* 
Trifolium hibridvaio Alside clover# 
Trifoliua pratense» Red clovero 
ïrifoli^ m repens« V^ iite clover. 
Vicia asericana» Vetcho 
0:calidaceae 
Oxalis euroosea. Sheep sorrel* 
Oxaiis stricta. Sheep sorrel, 
Hutaceae 
Xantho:>ylm aaericanti;'.!» Prickly ash« 
Euphorbiaceae 
Acalypha rhcvaboidea » Three-seeded Mercury, 
Euphorbia grp. Spurgeo 
Anaaardiaceae 
Rhus glabra. Smooth sumac, S 
Rhus radicans, Pcison ivy, poison oak. S 
Celastraceas 
Celastrus scandens. Climbing bitter street, S 
Euonyrras atropurpureus» Tfahco^  burning bush, 
Aceraceae 
Acer negundo. Boxelder, S 
Ealsaniinaceae 
Impatiens biflora, ïouch-ne-noto 
Impatiens pallida. Touch-me-not, 
Rhamnaceae 
Ceanothus americanus. New Jersey tea, red-root, S 
Vitaceae 
Parthenocissus quinquefclia, Virginia creeper, S 
Vitis riparia. S 
Table 2. (Continued) 
193 
Tiliaceae 
Tilia asericana» Eass-vrood, linden. S 
Malvaceae 
Llalva neglects. Common mallcv/, cheeses» 
Violaceae 
Viola SOP» Violeto 
Cnagraceae 
Circaea quadrisulcata» Enchanter's nightshade. 
Araliaceae 
Aralia nudicaulis. IVild sarsaparilla. 
Uzbelliferse 
Cicuta paeulatao Water hemlocko 
Ozzcrhiza claytoni. Street cicely» 
Pastinaca sativa» T/ild parsnip» 
Sanicula greRaria. Black snakeroot# 
Taenidia integerrima. 
Zizia aurea. Golden Alexander» 
Cornaceae 
Cornus PriEmondi. Gray-stenraed dogwood, S 
Oleaceae 
Fraxinus pennsylvanica. Green ash. S 
Syringa sp» Lilac» 
Apocynaceae 
Apocynm androsaemifoliuia. Dogbane. 
Apocynuia sibiricm» Indian hemp» 
Asclepiadoceae 
Acerates hirtella« Green millcweed» 
iisclepias incarnate. Sv.'aap millcF/ead. 
Asclepias syriaca» Common milkweed» 
Asclepias verticillata» Vihorled millcr.'eed» 
Convolvulsceae 
Convolvulus sepitCT.» Hedge bindweed» 
Cuscuta spp. Dodder 
Verbehaceae 
Verbena hastate» Vervain, T/ild hyssop, ironweed. 
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Table 2» (Continued) 
Locnurus eardiaoa o Mo ohsi-vrort» 
H on arda fiotûlo^ aa Hcraemint-o 
Népata cat;^ riao Catnip o 
Pycnanthey:icn pilos'aru I-îountain mint. 
S'cachys palustriii. Hedge nettle ç 
Solanaeoae 
PhysallB hoterophylla» Ground chcriy» 
Phv'salis longifoliao Ground cherry» 
Physalis virginianao Gromid cherry» 
Solanigi nigruai. Nightshade o 
Scrophulariaceae 
Verbascirrt th£.psus » llullein » 
Phrysaceae 
Phryr.a Leptostacnya« Lopseed# 
Plantaginaceae 
Plantage majora Plantaino 
Plantage Rugelii. Plantain. 
Puiabiaceae 
Cephalanthus occidentalisa Buttonbusho S 
Galium borealeo Eedstrav;« 
Galium triflorcz» Bedstrat^ o 
Caprif oliaoeae 
Lonicera sppc. Honeysuckle* 
Sasibucus canadensis» Conxion elder» S 
Viburnum sp» Arro"« vj-oodj black haw. S 
Caspanulaceae 
Cap.panula aaericana» Tall bsllflower» 
Cozpositae 
Achillea Hillefoliuvii„ Yarrov/o 
Ambrosia artemisiïfolia. CorEion ragweed® 
Airibrosia trifida» Tall ragiveedo 
Anthémis cotula» Dogfennelo 
Arctium minus » CoïTiaon burdock. 
Aster sppo Aster » 
"Circiusi arvense» Canada thistle. 
Circi'JB valgare» Bull thistle* 
Erigeron annuuso Daisy fleabane 
Erigeron strigosus» Daisy fleabane. 
Eupatorium rugosum. Yfnite snakeroot* 
Table 2 » (Continued) 
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Corripositae ( Cent « ) 
Helianthns grosseserratus» Sunflower, 
Hatibida pinnatao Conaflover » 
Rudbeckia hirta« Blackeyed Susan. 
5oildago spPo Goldsnrodo 
Taraxacum officinaleo Common dandelion. 
Trar;opog;on dubius =. Goat's beard. 
Tracopogon pratensiso Goat's beardo 
Gramineae 
Agropyrcn repens, Quackgrasso 
Agrostis albao Redtopo 
Andropogon gerardi. Big bluestes, 
AndroDOKcn scopariusc Little bluestem. 
Brczins inerais. Smooth brome « 
Bohinochloa crusgialli. Barnyard grass. 
Hystrix patula. Bottle-brush grass. 
Eordeiai .jyibaturn. Foxtail barley. 
Phlerm pratense. Tijnothy. 
LÇâ pratensis« Kentucky bluegrass. 
Sitanion hystrix. Squirreltail« 
Stipa spartea. Porcupine grass. 
Cyperaceae 
Carax gra-yida. Carex. 
Carex spp« Carex. 
Araceae 
Arisaema triphylluia, Jack-in-the-Pulpit, 
CcEsielinaceae 
Tradescantia bracteata. Spiderv/ort. 
Liliaceae 
Polygonatuni canaliculatum. Solomon's seal. 
Sdilacina racemosa* False Solomon's seal. 
Sffiilax herbacea. Carrion flov;sr. 
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Table 3o Ccr.pariscn of results obtained by different r.ethcds of determin­
ing canopy coverage and frequency of occurrence in Dzubennire (19$9) 
plots in grassland (c = Average percent canopy coverage of al.% plotsj 
f - Percent frequency of occurrence in the sarûe plots; o = Not found 
in the plots, x = Non-do=inant^  - = less than one percent coverage) 
(1964) 
Llethedo 
Species Canopy 10 % 10 quadrats 
coverage 30 plots 60 plots 
Herbs c f c f c ± 
?0£ nr^ tense 
Axrci'vron repans 
62 93 77 100 73 ICO 
25 91 28 37 30 95 
Paztina.ja cativa 7 h7 15 70 13 72 
Gonvclvulzj sepivzi h 26 7 hO 1 37 
Solidaxo s?Co 25 8 6h 5 hri 
A:::broci2 arternisiifolia ii k ko 2 30 
ïrifoliw-: s'O'Oo 1 21 1 33 1 30 
-Asc-^ eiDj-as syriaca 3 19 2 67 2 cS 
Ph-'-saj.io s"0"0o 2 19 1 50 1 53 
Pn_6um nratense 2 18 2 ho 1 i',2 
Ï£.ra:.;acir,i sicp * Ih • — 53 1 62 
Lledicago sativa 3 13 Ô 27 c 32 
Asclepias verticillata 1 11 2 27 2 17 
Circius arren^ -e 2 -i-i 1 20 1 20 
La^ c-n^ rrris venoous 3 9 U 13 ii 23 
Lacti;oa s"CPo 7 X 10 X 5 
Planta%o Pu^ elii 0 % 23 20 
Circii-n viusiare 2 5 z 23 X 20 
j.Ielilotus alba 5 10 :: 8 
Ilon&rda ::'istulo3a . — 1 5 - 3 - 2 
Care:': STJPO - i; - 20 - 15 
Apccynura androsaesifoli^ Ja X 3 X 3 :c 7 
BeevriOdivim canadexise - 3 :c X X X 
Equisetun sppo - 3 X - 1 5 
? 0I3- [ion'on spp 0 - 3 zc X :: X 
Vicia seiericsna - 3 - 20 - 23 
P.L!::vr,>: sûDo — 2 - 20 - 15 
Star.livs palUotris - 2 X 7 :: 5 
Agrcjtis alba - . 1 X - :c -
Aster S'oPo - X - X -
Chencoodiua album - 1 X X 3C 
Erirreron spoo — 1 X 13 X 10 
Ozalis striata — 1 X X X :{ 
Pcten'cilla spOo - 1 :c 20 X 20 
Phus radicans — 1 X X ;-c 
Snilacina sroo — 1 X X X X 
Tra!?opogon spp , - 1 X 13 X 13 
Achi'lea Millefolium 0 0 X - X 5 
A'oocynuiu sibiricum 0 0 X 20 :c 15 
Silene stellata 0 0 X - X 2 
Viola spPo 0 0 X 3 X 2 
Table 3o (Ccntiniisd) 
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îictbodô 
Species Canopy 10 10 quadrats 
coverage 30 plots 60 plots 
T.'ooày Stens c f c f c -P 
?r3:3.5113 'osnnGylvcnica 1 6 27 23 
Parthenocissus quir.qujrolia 1 5 X 10 15 
Rhus Klab:'a 2 3 :c 3 JZ 5 
iîosa SPPe - 3 - 10 - 10 
QUvt-rcTii' nacrocarna 2 z 3 5 
O'œrovs rr.bra 2 ZI 3 2 
PoDul'as trcmuloides - 2 z 10 5 
Cornus Drurrix-ondi 1 -Z 
.
9 1 CO f — 1 10 zc 8 
Rubus sppu (blackberry) - i :c % % 
Rubus spD. (raspberry) - 1 X z :: :c 
Uliviua ar.arlcana - 1 X y % 7 
Vitis ri?aria - 1 X 3 % 7 
Xanthoxyltzi americanca - - :< % X X 
J-dglans nigra 0 o X 3 X 2 
Table L. Results of tho Dauûeni":âro (195/9) Ziothod of dstormining canopy 
coverage and frequency of occurrence in plots in forest (c = Average 
percent canopy coverage fcr all plots; f = Percent frequency of 
occurrence in the saze plots; - = less than one percent coverage) 
(l^ clt) 
Species Caziopy coverage 
2CO plots 
Woody Stems c f 
Ccry'i:cis artiericaaa 22 S9 
_Riu'£d3 622" (raspberry) 12 1-6 
Parthenooissug quinquefolia 9 
Vitis riparia 6 23 
] or nus Dr'c:~;.:ondi 7 2 
Cusrcus nacrocarpa 11 21 
Cjuercus rubra 11 17 
Rubus spp. fblackberry) 11 16 
Pruaus Virginia 1 8 
Rhus glabra 2 7 
Pru-'ras serotina 2 6 
Srp^ a>: spdo 1 6 
Frajcinus pennsylvanica 2 $ 
Rib s s 3p"D » 2 S 
Rosa sp'o o - 3 
Dïnus aaericana 1 2 
Xantho:^ lua aruericanusi - 2 
Cs"or.ya virijiniana - 1 
Salix sp« 1 
Herbs 
Amphicarpa brachteata 7 h9 
BupatoriViTi sjop« 7 ii9 
Ôgaorhisa claytonia 5 Ù8 
Galium sppo 3 33 
Desaodium canadense 6 32 
Carex spj^ o S 29 
Phz'ypa lêptostachya h 27 
Solidago appo 3 22 
S-nllacina spPo 2 l8 
Ëelianthûs spPo 6 17 
Polygcriatûm spPo 2 17 
Apocyriuin androsaeniifoliuiti. 3 12 
Viola spp c 1 12 
Thalictrum dasycarpum " 1 11 
Geu'j. spp, 2 10 
Poa pratensis U 10 
Table iio (Continued) 
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Species Canopy coverage 
200 plots 
Herbs c f 
Lactvica s:p«> 1 9 
Ambrosia arts:r.isxifolia 1 8 
l-noatiens pallida 1 7 
Circaea cuadrisulcata 1 6 
Anbrosla trifida 1 b 
Ci cut a 2^ zaculat.a 1 S 
licnarda ristulcôa 1 5 
Plantage R^ celii 1 S 
Saincticus canadensis 1 5 
iigrinonia s;o'0o 1 U 
Agrop:;rcn rep an a 1 L 
Arc^ iun ir.inus - 1; 
Fragaria virfiniana 1 It 
Pastinaca sativa 1 i; 
rhle'inn pratense 1 Ii. 
Rhizs radicani' 1 
Convolvulus sepiu'.i - 5 
Oralis stricta - 3 
Sansuinaria candonsis 1 3 
iic'&aea sp-Jo - 2 
Agrostis alba 1 2 
Chsnc'oojii-i:n album - 2 
Lathyru-j venosus - 2 
Polygonum convcivul'as - 2 
RanU:'icuiras coD, - 2 
Silene stellata - 2 
Arisaenia tripnylluia - 1 
Asclepias sj^ iaca - 1 
Ascleoias verticillata - 1 
Aster sppa - 1 
Campanula araericana - 1 
Circiu." vuij?are ~ 1 
Cuscuta sppo - 1 
Erigeron sppu - 1 
Hystrix patula - 1 
Leonu^ 'us cardiaca - 1 
:.'Ielilotus alba - 1 
Physalis sppu - 1 
Potentilla spp« - 1 
Rurr.e>: sppo - 1 
i'aenidia integerrina - 1 
Taraxacum sppo - 1 
Trifo'ïiura sppo - 1 
Verbena hastata - 1 
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Table 5o Census of Tfoody-steni:.:sc planta 
?ai"kj 19611-1966 (20 percent samples 
lines; I = Belt transects along the 
in the old-field^  Pilot Knob State 
)(L = Belt transects along the 10 
10 intervals; Sub-totals - vertical) 
'"çc Kurnber of plants in the areas censused 
Soecies ?>'• 
u I96L 196^  1966 
Trees I I L I L 
Fra>iinus pennsylvanica 1 
2 
3 
0 0 
1$S 
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ah 
m 
•VA 
1Ù3 
3^  ^
86 
a cl 27S 
187 
'O 
136 
371 
187 
vO 
•îo 
8Ù 
272 
320 
ulzus smericana 
2 
3 
\n 
vO 
H 
69 
9k 
3 
0 
rH 
16 
84 
k 
\o 
-o 
H 
25 
138 
3 
7 
18 
9 
•S^  
r-i 
2h 
11? 
18 
Crataegus spo» 1 
2 
3 
0 
20 
18 
2 
8 
61 
6 
0 
CO 
9 
62 
9 
1; 
3h 
18 
1 
U5 
16 
Populus tre^ ralcides 
2 
3 
M 
1 
2 
28 
35 
0\ I>-
3 
28 
Ù8 
(M 
On 37 
55 
2 
27 
36 
Quercus macrocama X 
2 
3 
lf\ 
H 
10 
3 
2 
CO 
f-i 
13 
i; 
1 
cv ïH 
6 
g 
1 
0,' 
H 
6 
5 
1 
c\j 
00 
9 
11 
2 
Quercus rubra 1 
2 
3 
m 
2 
1 
lA 
ii 
1 
ri 
1 
10 vû 
22 
22 
2 OJ 
12 
9 
2 
Primus atr.ericana 29 27 la 28 9 
Prunus serotina 7 1> 5 8 6 
Prunus virginiana 2 L 2 1 2 
pQ-Dulus deltoïdes — - - 10 -
Ulraus D'.imila 2 3 — 3 1 
XanthoxyluTû americanum - 1 7 2 h 
Juglans nigra - — 1 1 -
Acer negundo 
-
- -
- 1 
Tilia aTiericana 2 - 1 - 1 
Totals 
Average (each year) 
Average per acre 
711 
711 
890 
90$ 
ii2ô 
921 1017 1031 
102lt 
ii8l 
1^ = below 18 inches; 2 = between l3 and 36 inches; 3 = over 36 inches. 
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Table 5. (Continued) 
iC'ciiibcr of plants in the areas censused 
S-oecios 
196!, 1965 1966 
Shr'iibs and Vires I i L I L 
Rhus glabra 16 118 62 221: 23lt 
Cornus Crunzondi 19 23 57 33 52 
Coryius snericana _ 1 20 12 
lonicera sppo 
- - 5 i_ 10 
Vitis rïDaria 77 121 57 111 95 
Farthenocissus quinquefolia 31 39 50 hi 71 
P.ubus sop. (blackberry) 17 ho 7 116 29 
H-abus spTDo (raspberry) 12 30 - h2 9 
Smilax sddo 2 2 - -
Totals^  Sl^ rubs & Vines 175 376 239 595 512 
Average (each year) 175 308 551: 
Average per acre 62 liiii 260 
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Table 6c A comparison ci' tentperattires^ relative humidities and vapor 
pressui^e deficits between forest and old-field study sites in" 
c'lzzaer (Ih August 1963) 
'est Old-field 
r:ôj.âtïve v0ô: v. po kclative 
CST Tenipo Kaiiiicity Deficit Deficit Husidity Tezp & 
Hour ?° % ini'n hg za Kg  ^ f° 
01:00 
02:00 
03:00 
cà:00 
05:00 
5l.0 
51.0 
5l.0 
53.5 
53.3 
81.5 
82.5 
83.5 
63.3 
83.0 
1.97 
1.87 
1.76 
1.76 
1.77 
06:00 
07:00 
08:00 
09:00 
10:00 
5ù.3 
55.2 
57.0 
59.5 
62.0 
8l.0 
8b.2 
8l.5 
85.0 
83.5 
1.73 
l.?6 
1.85 
1.96 
2.35 
11:00 
12:00 
13:00 
lUsOO 
15:00 
62.8 
cL.G 
65.2 
65.3 
66.2 
75.0 
71.6 
71.0 
70.0 
69.5 
3.68 
hoiio 
1.60 
a.79 
5.02 
16:00 
17:00 
13:00 
19:00 
20:00 
67.0 
65.0 
63.2 
61.5 
60.2 
69.5 
69.0 
72.5 
77.0 
78.8 
5.16 
koo9 
k.08 
3.22 
2.83 
21:00 
22:00 
23:00 
2h'.0Q 
580 5 
57.8 
57.0 
56.5 
79.0 
81.0 
81.7 
81.8 
2 a 6k 
2u3b 
2.15 
2.12 
.50 9l.0 k7.0 
.65 92.5 uco3 
.77 91.0 47.2 
.66 91v5 14.6 cO 
.50 93.5 45.2 
ohl 91; 06 16.0 
.52 95.0 53.0 
.61 9k.8 56.6 
2 ok? 83.0 62.5 
5.55 67.0 66.8 
7.8l 59.5 70.8 
7.Go 59,0 70.3 
8.03 59.0 71.3 
8.51 55.5 70,5 
10.68 51.5 7%.6 
10.50 52.0 71.5 
7.82 61^.0 71.3 
k.59 76.0 70.5 
3.50 79,2 67,0 
1.92 86.0 59.0 
1.03 90.0 53.0 
.8i1 90.5 50.5 
.81 90.5 l9.0 
.70 91.8 48.3 
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Table 7 = A comparison of temperatm-es, relative hzmicities and vapor 
prassure deficits between forest and old-field study sites in aut-Lj-jin 
(7 October 1963) 
CST Tamp. 
Houi* FO 
01:00 
02:00 
03:00 
04:00 
0>:00 
6l»8 
60.3 
58.9 
57.7 
56*5 
77.0 
79.5 
82o2 
83.5 
85.0 
2.7ù 
2.26 
2.02 
1.75 
1.33 
1.02 
.78 
.67 
90.0 
91.7 
93.3 
93.a 
93.8 
59.5 
57.6 
56.2 
55.l 
51.3 
06:00 
07:00 
08:00 
09:00 
10:00 
55^7 
56.0 
56o4 
59.0 
65.2 
85.5 
86.7 
85.8 
83.0 
68.8 
1.65 
1.5a 
1.66 
2.17 
1.98 
.60 
.69 
.99 
3.20 
5.19 
91.3 
9a.o 
91.0 
75.0 
6lt.O 
53.6 
54.2 
5ù.8 
59.0 
62.4 
11:00 
12:00 
13:00 
14:00 
15:00 
70.0 
71.5 
7b.5 
75.0 
7b.2 
59.0 
52.8 
18.7 
b7.0 
45.0 
7.70 
9.32 
11.22 
11.80 
11.67 
7.75 
8.90 
10.58 
11.10 
10.95 
56.0 
5lo5 
k7.o 
45» 8 
k5.6 
65.5 
69.2 
71.8 
72.k 
72.2 
16:00 
17:00 
18:00 
19:00 
20:00 
69.8 
67.3 
63.5 
60.0 
59.6 
48.8 
5h.6 
62.0 
69.5 
73.2 
9.56 
7c76 
5.70 
l.05 
3.51 
8.14 
6.59 
l.35 
1.60 
.76 
5i1.2 
60.0 
69.5 
84.0 
91.6 
63 o4 
66.3 
62.0 
52.2 
19.5 
21:00 
22:00 
23:00 
24:00 
57.a 
56.4 
55.0 
55.1 
75.0 
76.8 
78.0 
80.0 
3.02 
2.71 
2.44 
2.22 
1.39 
1.13 
.82 
.63 
85.0 
86.8 
89.5 
91.7 
50.2 
k8.2 
l5.7 
15.0 
Old-field 
Relative v* pa Vo Po Relative 
Kuiiddity Deficit Deficit Hurâcity Teirp. 
 ^ Ezn Ks C3 Eg  ^ po 
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Table 8, A conpariscn of three-hour interval and seasonal differences 
in the average illumination received at various levels in each study 
site (1963) 
Location illumination in foot-candles 
and CST 29 22 29 29 23 W 
Level Hour June July Aug. Sept» Oct» Nov, 
Open area 6:00 - 1300 - - -
52" 9:00 9850 9300 6ÙÛ0 - 3300 1300 
12:00 10000 10000 10000 8kOO 5700 3300 
15:00 - 9800 7700 3700 2G00 670 
18:00 
- 2700 790 - - -
Old-field 6:00 - 315 - - - -
Litter- 9:C0 226 1L58 292k — 2110 362 
surface 
12:00 1011: 7575 373b 3207 3910 1788 
15:00 - 3510 2397 1371 ij.60 26L 
18:00 
— 535 179 - - -
Grassy 6:00 31 — — 
runways 
9:00 8 267 99 - 6 3 
12:00 108 1172 503 108 27 5 
15:00 - 708 218 79 6 3 
18:00 72 12 — — 
20^  
Table 8. (Continued) 
Location Illumination in foot-c andles 
and 
Level 
GST 
Hour 
29 
June 
22 
July 
29 
Aug. 
29 
Septo 
26 
Oct. 
27 
NoVo 
Brush 6:00 
- 127 - - - -
$2" 9:00 — 20b2 2398 - 3120 6m 
12:00 - 5313 1183 3k67 3820 i 1931 
15:00 
- 35^ 3 1750 2092 257 
18:00 
- 57L 71 - - -
Litter-
surface 
6:00 
9:00 
— 9 
121 289 
-
952 288 
12:00 - 81; 272 675 1389 L90 
15:00 - 5h 38 87 173 lii8 
18:00 
-
10 5 - - -
Forest 6:00 - 212 - - - -
52" 9:00 1370 2232 609 - 1261 272 
12:00 661 600 1709 222 181 hoS 
15:00 - 2919 2366 777 507 259 
18:00 
- 192 39 - - -
Litter-
surface 
6:00 
9:00 58 
13 
57 93 
— 
386 136 
12:00 Ii9 130 757 385 250 313 
15:00 - 95 91 295 m 157 
18:00 m 5 — — 
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Table 9. Sui'face temperatures in micrcc-nvironmsnts of the old-field study 
area, 13 August 1965 (taken vrith Barnes infra-red thermozoter; T = 
Top of litter; R = In grassy runways; C = Pile of grass clippings) 
Temper 'atuz'e readings in po 
CST Hour Op:liO 10:15 10:40 11;: Oil lk:35 U:50 
66T 9CT HOC IIGR 87% 82% 
6^ R 670 lOOT 115T 1000 83% 
67C 82T 93% 112T 950 9CT 
68T 80T 100% llilT 900 80% 
65H 8^ 0 ICOT 106c 90T 93T 
68T 85c 1200 HOC 90T 105T 
6^  CO
 
o
 
106T 87T 86c 95T 
65T TOT 90% 86T 85c 90T 
6^ 0 89T 92% 90T 85c IGOT 
66T 70R lOOT 105T 87R 80C 
730 92% 87% 85R 92C 
75R 105T 86% 85T 90T 
C
O
 
91% 82% 95T 
62% 89% 90T 
83R 1030 
860 
Surface 66.2 79.9 98.6 100.7 88.a 90J; 
Averages 
Air Temp « 1 91 93 95 96 93 92 
Maximum air temperature was 10ii° F at 12;U0 hours. 
207 
Table 10. Surface teniperatures in microenvircnnier.ts of the forest study 
areaj 13 August 1965 (taken with Barnes infra-red thermometer; 
Ten'.peratures in T = Top of litter; R = In leafy runv/ays) 
Temperature readings in F° 
CST Hour 11:20 11:1:5 13:20 
. 6i|R 
63a 
60a 
66a 
72a 
80T 
71a 
6hR 
62a 
77T 
70T 
78T 
Surface Averages 69,1 
Air Temp 81; 
Leaf temperatures at 13:00 hours 
Raspberry = 70, 100, 82 
Blackberry = 
cc
T 
92, 83. 
Gooseberry = 82, 8a, 80, 
Grape = 72, 78, 85. 
Hog peanut = 73, 83, 82, 
HOT Co
 
75T 95T 
75T 85T 
70T 75a 
76? 80R 
72a HOT 
70a 85T 
75T 80T 
75T 8cxr 
70T 75R 
76.8 85.0 
86 89 
95, CO
 
0
 
= Aveo = 81; 
85, 85, 92: = Ave. = 85.8 
90, 90, 100: = Ave. = 87.7 
96, 85, 100: = Ave. = 86.0 
95, 87, 88: = Ave. = 81.7 
M^aximum air temperature was 89° ? at 13:05 hours 
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Table 11. Maiimals of the "great circle" recorded by the author (?k = In 
Pilot Knob State Park and contiguous woods; Ad = In adjacent open 
areas; 0 - Sightings recorded twice or more; C = Captured; P = Pelt; 
S = Skull; No. = ISQ nuiaber; Subspecies after I4iller and Kellogg, 
1955. and Scott, 1937; Nests or young observed*) 
Order Marsupialia 
Family Didelphidae 
Virginia opossum, Didelphis marsupialis vir^ iniana Kerr, Pk,0 
Order Insectivora 
Family Soricidae 
Masked shrew. Sorex cinereus Kerr; Pk,0,C,P,S:l4S5 
Short-tailed shrevr, Blarina brevlcauda brevicauda (Say). ?k,0,C.P,S:1237 
Family Talpidae 
Eastern mole, Scalopus aquaticus machrinoides Jackson. Pk,0,C,P,3:12^ 5 
Order Chiroptera 
Family Vespertilionidae 
"^ Little brown bat, Myotis lucifu%us lucifugus (Le Conte). ?k,0,C,P,S:1339 
Order Lagoiaorpha 
Family Leporidae 
*Sastern cottontail, Sylvilagus floridanus mearnsii (J.A, Allen), PkOCS:1351 
White-tailedy Jack rabbit. Lepus townsendii camoanius Hollister, AdO 
Order Rodentia 
Family Sciuridae 
Wbodchuck, Marmota monax monax (Linnaeus). Pk,0 
Thirteen-lined ground squirrel, Citellus tridecemlineatus 
tridecealineatus (Mitchill). Pk,0,G,P,S:1239 
"'Eastern chipmunk, Tamias striatus griseus Mearns. Pk,0,C.P,3:1238 
Eastern gray squirrel, Sciurus carolinensis carolinensis ûselin.PkO 
Fox squirrel, Sciurus ni^ er rafiventer E. Geoffroy St.-liilaire. PkOC 
*Red squirrel, Tamiasciurus hudsonicus minnesota (J,A. Allen). PkOC?S:1235 
Family Geomyidae 
Plains pocket gopher, Geomys bursarius bursarius (Shaw). Pk,0,C,P,3:1244 
Family Gricetidae 
*Deer mouse, Peromyscus maniculatus bairdii (Hoy and Kennicott), ?kOCPS:ll89 
White-footed mouse, Peromyscus leucoous noveboracensis (Fischer)PkOCPS:1182 
*Gapper's red-backed mouse, Clethrionomys gaoperi loringi 
(V. Bailey), Pk,0,C,P,S:71 
'^ Meadow vole, Hicrotus pennsylvanicus pennsylvanieus (Ord). Pk,0,C,P,S;123ô 
Muskrat, Ondatra zibethicus zibethicus (Linnaeus), Pk,0 
Family Muridae 
House mouse, Mus mussulus domesticus Rutty. Pk,0,C 
Family Zapodidae 
*Meadow jumping mouse, Zapus hudsonius campestris Preble, Pk,0,C,P,3:1174 
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Table 11. (Continued) 
Order Garnivora 
Fanily Canidae 
Red fox, Vult>-3s fulva rsf^ alis Morriam. ?k,0 
Gray fox, Urocyon cinereoargenteus ocythous Bangs. Pk,0 
Family Procyonidae 
Raccoon, Procvon lotor hirtus Nelson and Goldman. Pk,0 
Famil^ r Kustelidas 
Eraine, Mus tela erninea ban;; si Hallo Pk,0,0,-,5:12^ 0 
Least weasel, Mustela rixosa campestris Jackson. Pk,0,C,P,5:1470 
i'iink, Mustela vison letifera Hollister. Pk,0 
Badger, Taxidea taxus ta:cas (Schreber). Pk,0 
Eastern spotted skunk, Soilogale putorius interru'ota (Rafinesque). PkO 
Striped skunk, Mephitis mephitis hudsonica Richardson. Pk,0 
Family Felidae 
Bobcat, Lynx rufus rufus (Schreber). Pk,d 
Order Artiodactyla 
Family Cervidae 
* White-tailed deer, Odocoileus virginianus macrourus (Rafinesque). Pk,0,G,S 
E^xtirpated from Winnebago, Hancock and Kossuth Counties 
Order Carnivora 
Family Canidae 
Gray wolf, Canis lupus nubilus Say. 
Family Ursidae 
Black bear, Buarctos (=Ursus) americanus americanus Pallas. 
Family Mustelidae 
River otter, Lutra canadensis canadensis (Schreber). 
Order Artiodactyla 
Family Cervidae 
Wapiti, Elk, Cervus canadensis canadensis Erxleben. 
Family Bovidae 
Plains Bison, Bison bison bison (Linnaeus). 
E^xplanation in text 
210 
Table 12. Birds observed frequenting or nesting at Pilot Knob State Park 
during the nesting season and suiiLT.er (nomenclature after A. 0. U* 
checklist, 1957; Nests and/or young observed---) 
Ciconiiformes 
Ardeidae 
Great blue heron, Ardea h.;rqdias Linnaeus» 
Green heron, Butorides virescens" (Linnaeus). 
American bittern, Botaurus len'oiginosus (Backett), 
Anseriforiras 
Anatidae 
Mallard, Anas platyrh^ mchos Linnaeus. 
-:rt7ood duck, Aix ^ "^onsa~TLinnaeus ) o 
FalCOniformes 
Accipitridae 
Cooper's har.'k, Accipiter cooperii (Bonaparte). 
Red-tailed hav.'k, Buteo .jamaicensis (Gmelin). 
Red-shouldered hav.'k, Buteo lineatus (Gnelin), 
Swainson's hav/k, Buteo sv/ainsoni Bonaparte, 
Rough-legged hav:k, ButeoTagopus (Pontoppidan)» 
Bald eagle, Haliaeetus leucocephalus (Linnaeus). 
Galliforzes 
Phasianidae 
Bobv/hits, Colinus virginianus (Linnaeus). 
•K-Ring^ necked pheasant, Phasianus colchicus Linnaeus. 
Charadriiformes 
Gharadriidae 
Killdeer, Charadrius vociferus Linnaeus. 
Scolopacidae 
American woodcock, Philohela minor (Gmelin). 
Laridae 
Black tern, Chlidonias niger (Linnaeus)o 
Columbif orme s 
Colurabidae 
-x-Rock dove, Columba liida Gmelin, 
Mourning dove, Zenaidura macroura (Linnaeus). 
Cuculiformes 
Cuculidae 
Yellow-billed cuckoo, Coccyzus americanus (Linnaeus). 
Black-billed cuckoo, Coccyzus erythropthalmus (Wilson). 
Strigiformes 
Strigidae 
Screech owl, Otus asio (Linnaeus). 
Caprimulgiformes 
Caprimulgidae 
Common nighthawk, Chordeiles minor (Forster). 
Table 12. (Continued) 
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ApodiforE3s 
Apodidae 
•"•Chimney sviift, Chaetura pelagica (Linnaeus)» 
Trochilidae 
Ruby-throated hummingbird, Archilochus colubris (Linnaeus). 
Coraciiformes 
Alcedinidae 
Belted Kingfisher, Megaceryle alcyon (Linnaeus)» 
Piciformes 
Picidae 
Yello'.v-shafted flicker, Colaptes auratus (Linnaeus). 
Pileated T.'oodpeckerj Dryccopus pileatus (Linnaeus)» 
Red-headed iToodpeckerj, I'-lelanerpes erytlirocephalus (Linnaeus)» 
Hairy v/oodpackerj Dendrocopos viilosiTs (LirmaeusTc 
-x-DoTmy v;oodpecker, Dendrocopos pubs'scens (Linnaeus)» 
Passeriformes 
Tyrannidae 
E^astern kingbird, Tyrannus tyrannus (Linnaeus)» 
Great crested flycatcher, Myiarchus crinitus (Linnaeus)» 
Eastern wood pev/ee, Contopus viz^ ns (Linnaeus)» 
Hirundinidae 
-::-Barn swallow, Hirundo rustica Linnaeus o 
Purple martin, Progne subis (Linnaeus). 
Corvidae ~ 
Blue jay, Cyanocitta cristata (Linnaeus). 
Common crow, Corvus brachyrchos Brehc» 
Paridae 
Black-capped chickadee. Parus atricapillus Linnaeus. 
Sittidae 
V/nite-breasted nuthatch, Sitta carolinensis Latham, 
Troglodytidae 
House varen. Troglodytes aedcn Vieillot» 
Mimidae 
«^•Catbird, Dumetella carolinensis (Linnaeus). 
%3rown thrasher, Toxostoina rufmn (Linnaeus). 
Turdidae 
-x-Itobin, Turdus migratorius Linnaeus» 
Wood thrush, Hylocichla mustelina (Giaelin)» 
Eastern bluebird, SialTa sialis (Linnaeus)» 
Bombycillidae 
*Cedar waxvâng, Bombycilla cedrorum Vieillot» 
Parulidae 
Yellow warbler, Dendroica petechia (Linnaeus)» 
-«-Ovsnbird, Seiurus aurocapilluriLinnaeus ) «
Yellovffchroat, Geothlypis trichas (Linnaeus)» 
American redstart, Setophaga ruticilla (Linnaeus)» 
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Table 12, (Continued) 
Passeriformes (cont.) 
Icteridae 
Bobolink; Solichonpc oryzivorus (Linnaeus)o 
Eastern rneadovdark, Sturnella sagiia (Linnaeus)» 
•si-Redvdnged blackbird^  phoeniceus (Linnaeus)» 
Cormon grackle, Quiscalus quiscuïa (Linnaeus)c 
-x-3roY.-n-headed co'.vbird, MolothruiT ater (Boddaert), 
Fringillidae 
Cardinal; Rich^ ondena cardinalis (Linnaeus)o 
-"•Hose-breasted grosbeak, Fhsucticus ludovicianus (Linnaeus )« 
Blue grosbeak; Guiraca caerulsa CLinnaeus)o 
Indigo bunting; Passerine cyanea (Linnaeus). 
wDickcissel; Spi^  aniericani^ C-ir.slin ) » 
w/ar.erican goldlïhch; gjitras tristis (Linnaeus ) * 
Rufous-sided To'.vhee; Pipilo erSn^ hrophthalnrus (Linnaeus)* 
Vesper sparrov.', Pooecëtes graaineus (GaelinJ» 
Field sparrow, Spizella pusilla (iVilson)» 
Song sparrow, Kelospiza melodia (Wilson), 
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Table 13. Amphibians and reptiles recorded by the author at Pilot Knob 
State Park (nomenclature after Schmidt, 1953, and Conant, 1953: 
C = Captured; P = Preserved) 
Class Amphibia 
Gaudata 
Arabj'-stomidae 
Eastern tiger salamander, Anbystoma tigrinuxa. Green. C 
Salientia 
Buf onidae 
American toad, Bufo terrestris Bonnaterre. C 
Hylidae 
Eastern gray treefrog, Hyla versicolor Le Conte» CjP 
Western chorus frog, Pseudacris nigrita Le Conte, C,P 
Ranidae 
Western leopard frog, Rana pipiens Schrebero C 
Class Reptilia 
Chelonia 
Chelydridae 
Snapping turtle, Ghelydra serpentina Linnaeus, 
Emydidae 
Western painted turtle, Chryseiyfs picta Schneider, C 
Sauria 
Scincidae 
Northern prairie skirJ:, Eurnsces septentrionales Baird» C 
Serpentes 
Colubridae 
Common garter snake, Thamnophis sirtalis Linnaeus» C 
A comparison of capvuros, by genera, in double—sets versus single—sets in various grass 
land areas of Iowa during smmier months, 1961-1966» 39 baited trsplines 
Double~sets Single-sets 
Location 
vicinity to cfl îS 
X c 
•p 
•H o 
m h b 
o iH 'H 
w m 
B 0 
1 
à 
Pi 
1 
-p 
o 
TJ O 
to! 
0 •P 
P •H C\JI 0 Nl M 
101 
g 
CO I I u o 
0 
1 
f-l 
o 
n, 
h 
1 
•P 
c O 
•TJ 
O ft 
CO •C p 
-P p. •I-Î (!) 
N « 
CO 
a 
R 
•g 
H 
W 
I 
•H 
8' k E-i 
Araes 2 h 21 12 - 1 1 - 5 8 8 -» 2 1 65 81:0 
Ruthven Unit li 6 19 lU 10 " 1 1 2 7 5 1 - - 70 960 
Estherville 9 12 2 2 - 5 1 6 It 3 1 - 3 53 h20 
Union Slouth 5 k 12 3 17 - - 10 1 8 k 7 - *> 71 8U0 
Pilot Knob - 2 12 2 -
- - — 1 h - - - - 21 li20 
Sub Totals 16 25 76 33 29 1 7 12 15 31 20 9 2 k 
Totals 187 93 280 
o
 
C
O
 
N) 
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Table 15. A comparison of the instances of traps sprung for all causes, 
excluding heavy rain, in the double-set versus single-set system 
in grassland. 39 baited traplines 
Situation 
Muiaber 
of 
instances 
Per cent 
of 
stations 
Totals 
Per cent of 
stations 
Double-sets (ll60) 
Only one trap sprung 
Containing a mouse 104 9.0 9.0 
Containing a frog, etc. 24 
Unknovm causes, niissing traps 114 
2.1 ) 
) 
9.8 ) 
11.9 (other 
causes) 
Sub Total (242) (20.9) 
Both traps sprung 
One containing a mouse 
Each containing a mouse 
61 
(22) 11 (1.8) 
5.3 ) 
0.9 ) 
6.2 (all mice) 
Containing a frog, etc. 
Unknovm causes 
38 
52 
3.3 ) ) 
4.5 ) 
7.8 (other 
causes) 
Sub Total (162) (14.0) 
Totals 404 34.9 
Single-sets (ll60) 
Nuraber of traps sprung 
Containing a mouse 93 8.0 8.0 
Containing a frog, etc. 
Unknown causes 
27 
130 
2.3 ) 
11.2 ) 
13.5 (other 
causes) 
Totals 250 21.5 
Table l6o A oompai 
land areas of 
•is on 
lovra 
of captures, by gener 
during su^ aor months. 
a, in double-
1962-196k. 
-sets versus single-sets 
5 unbaited traplines 
in various grass-
Double-sets Single-•sets 
Location 
vicinity 
g 
CO 
1 
m 
1 
•1 
• i 
1 
PH B
la
ri
na
 
1 
1 
u 
CJ 
iSi To
ta
ls
 
w 
1 
? 
& fn 
E-I 
Ruthven Unit 
1 
1 
- 21 " 1 11 33 2k0 
Pilot Knob 
1 
1 1 16 2 1 15 36 2U0 
Sub Totals 1 1 37 2 2 26 
Totals ill 28 69 U80 
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Table 1?. A comparison of the instances of traps sprung for all causes, 
excluding heavy rain, in the double-set versus single-set system in 
grassland, 5 unbaited traplines 
Situation 
Number 
of 
instances 
Per cent 
of 
stations 
Totals 
Per cent of 
stations 
Double-sets (I60) 
Only one trap sprung 
Containing a mouse 23 14.4 
Containing a frog, etc. 
-
-
Unknot-m causes, missing traps 8 5.0 
Sub Total (31) (19.4) 
Both traps sprung 
One containing a mouse 12 7.5 
Each containing a mouse (6) 3 
o
\ 1—1 CO 
Containing a frog, etc. 1 0.6 
Unknoim causes, missing traps 3 1.9 
Sub Total (19) (11.9) 
Totals 50 31.3 
 ) 
Single-sets (l60) 
Number of traps sprung 
Containing a mouse 28 
Containing a frog 2 
Unknown causes, missing traps 6 
Totals 36 
17.5 
1.3 
3.7 
22.5 
14.4 
5.0 (other 
causes) 
9.4 (all rtiice) 
2,5 (other 
causes) 
17.5 
5.0 (other 
cause s) 
Table l8o A comparison of captures, by genera, in double-sets versus singlc-Eots in various forest 
areas of Iowa during simn.jr months (S), 1962-1966, and fall months (F), 1962-1965. 166 baited 
traplines 
Double-sets Single-Eots 
Location 
vicinity 
CO 
M O 
ri c CO o o 
0 H H •H 
X .5' •g 1" W 
o u O fS 43 
u (Q o ^1 p. 0> o iH •ri Q) flj iH CO m N O 
X Q) 
b 
CO 
I 
to 
I 
I 
h 
to 1 
c C> o CO •H 
fc-
w 
o 0 +•> 
u p. C) O) C3 i"! 
A. N O 
w 
•g 
n 
I 
§• 
u 
Eh O) 
Pilot Knob S 17 69 7 363 33 28 lU 7 uo h 232 18 IS 3 858 7080 
(incl. U 
counties) F 3 16 1 91 - - — 2 11 1 - il - 183 2100 
NE loTia S 1 5U 6 1 33 1 96 1650 
(incl, 2 
counties) F - - 21 - - - - 19 - - — Uo 360 
Ames S - — — 2 - - — - - - 2 " — - 11 120 
Sub Tota •Is 20 85 9 g31 39 28 15 9 $9 5; 3hO 19 19 3 
Totals 727 ii5li 1181 113U0 
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Table 19- A comparison of the instances of traps sprung for all causes, 
excluding heavy rain, in the double-set versus single-set system in 
forests. 166 baited traplines 
Number Per cent Totals 
Situation of of Per cent of 
instances stations stations 
Double-sets (3780) 
Only one trap sprung 
Containing a mouse 316 8.4 
Containing a frog, etc. 16 0.4 
Unknown causes, missing traps 338 8.9 
Sub Total (670) (17.7) 
Both traps sprung 
One containing a mouse 265 7.0 
Each containing a mouse (146) ' 73 (3.8) 1.9 
Containing a frog, etc. 34- 0.9 
Un!<novjn causes, missing traps 343 9.1 
Sub Total (715) (18.9) 
Totals 1385 36.6 
Single-sets (3780) 
Number of traps sprung 
Containing a mouse 5^^  
Containing a frog, etc. 22 
Unlcnowîi causes, missing traps 589 
Totals 1065 
12.0 
0.6 
15.6 
28.2 
8.4 
9.3 (other 
causes) 
8.9 (all mice) 
10.0 (other 
causes) 
12.0 
16.2 (other 
cause s) 
Table 20, A conipai-ison of captures, by genera, in double-sets versus single-sets in various forest 
areas during suiiimar months, 1962-196^ 0 6 unbaitsd traplinoa 
Double=sets Single-sets 
Location 
vicinity n) 
d 
Pilot Knob 
NE loTra 
Wisconsin 
(Eau Claire Coo) 
Sub Totals 
Totals 
to 
CO 1 0 C 0 0 W •H C3 
1 CO k .5 0 4^ ^1 A p. 0 0 0 C3 iH r4 N 0 m 
2 
7 
6 
1? 
1 
3 
o 
o 
1 
3 
6 
10 
20 11 
w 
tH 
7 
11 
13 
31 
w 
? 
I 
120 
120 
120 
360 
8 
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Table 21. A comparison of the Instances of traps sprung for all- causes, 
excluding heavy rain, in the double-set versus single-set system in 
forests. 6 unbaited traplines 
•^arabsr 
Situation of 
instances 
Per cent 
of 
stations 
Totals 
Per cent of 
stations 
Double-sets (120) 
Only one trap sprung 
Containing a mouse 10 3.3 8.3 
Containing a frog, etc. 
Unknoifn causes, iriissing traps 4 
- ) 
) 
3.3 ) 
3.3 (other 
causes) 
Sub Total (14) (11.6) 
Both traps sprung 
0ns containing a mouse 4 
Each containing a mouse (6) 3 (5*0) 
3.3 ) 
) 
2.5 ) 
5.8 (all mice) 
Containing a frog, etc. 
-
Unknoim causes, missing traps 
-
Sub Total (7) (5.8) 
Totals 21 17.4 
Single-sets (120) 
Number of traps sprung 
Containing a mouse 11 9.2 9.2 
Containing a frog, etc. 
Unl<nown causes, rnissing traps 10 
- ) 
) 
8.3 ) 
8.3 (other 
causes) 
Totals 21 17.5 
Table 22. Nu'nber of Instances, by genera, in v/hich tv/o mice v;ero caught at the seme set (Totals 
ai'e included in the indicated tables) 
Table No Grassland 
baited Combinations 
Sorcx (2) 
S or ex-Microtns 
Sorex-Peroîîryscus 
Blaring (2) 
Blarin a-Por oinvf: cr,,-
Blarina-Zapvn 
Kicrot'us (2) 
Microtus-Zapus 
Peroaysc-ns (2) 
Per ciiWFj cu.s-'Zap ug 
PeromysciaB-ClGthricnc:^ £ 
Zapus (2) 
Clothrionor^ /rg (2) 
Kij.3 (2) 
Totals 
Grassland 
uribaited 
Forest 
baited 
19 
2 
1 
11 
1 
11 
50 
3 
1 
1 
1 
2 
73 
Forest 
\iribaitsd 
21 
Dbl. Cpl. 
26 
1 
1 
1 
2 
ro 
Table 23» Classification of all other causes for sprung traps in comparing double-sets versus 
single-sets under two dH'ferent conditions in grassland 
From tables 
Causes 
1160 
Doubles 
1-sprung 2-
15 
Baited 
-sprung 
iKo 
Singles 
sprung 
Doubles 
l~sprung 2-
17 
Unbaited 
-sprung 
Singles 
sprung 
Frogs 19 26 17 - - 1 
Toads 3 - 3 - — -* 
Snakes 1 2 2 1 
Crayfish 1 1 1 " 
Birds - 2 2 
- 1 -
Citellus 
- 7 2 - - -
UnlmoTml 101 108 8 3 6 
Missing - - 1 » -« -
Totals 12$ 83 136 8 U 8 
ro 
w 
I^ncludes possible causes ouch as shovrers, vrind, inuccts, vogetaticn, large anlKr-ls, and 
escapeeso 
Table 2I|. Classification of all other causes for sprung traps in comparing double-sets under two 
different conditions in forest areas 
From tables 19 
Baited 
21 
Unbaited 
Causes 
37bO 
Doubles 
1-sprung 2-sprung 
Singles 
sprung 
120 
Doubles 
1-sprung 2-sprung 
120 
Singles 
sprung 
Frogs - 2 - — — 
-
Toads 3 8 3 — — -
Birds h 5 — — -
Tamiss 9 19 lU — "• -
Unknovm^  322 33L 572 h 10 
Missing 16 9 17 — — -
Totals 35b 377 611 h 10 
I^ncludes 
escapeeso 
possible causes such as show ers, devf, vfind. insects, vegetation, lai'ge animals, and 
K) 
Table Z% A comparison of captures, by genera, in double-sets versus couple-sets in various areas 
in Iowa dialing suinraer months, 19^ 3o 7 baited traplines 
Double-sets Couple-sets 
Location 
and 
type 
S 
% 
to 
Pilot Knob 
(Forest) 
Pilot Knob 
(Grassland) 
Sub Totals 
Totals 
3 
3 
10 y 
w o 03 0 n C -p b 
•rl o R CO 
13 o 3 o k p. 
•r 1 <D RÎ 
m >1 An N) 
5 -
1 11 
6 11 
31 
t -
31 
1 
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I 
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I 
•p g 
g 
b 
6 
6 
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•rl I 
a 
55 
5 -
2 8 
7 8 
52 
O 
PH 
« 0 
8' 
N 
25 2 
U 
25 6 
10 
-ë 64 
71 
36 
107 
H & 
•rî 
•f 
§• h Eh 
880 
2U0 
1120 
N 
vK 
226 
Table 26. A comparison of the instances of traps sprung for all causes, 
excluding heavy rain, in the double-set versus couple-set system. 
7 baited traplir.es 
Situation 
Number 
of 
instance 
Per cent 
of 
3 s stations 
Totals 
Per cent of 
stations 
Double-sets (280) 
Only one trap sprung 
Containing a mouse 32 11.4 11.4 
Other causes 18 6.4 6.4 
Sub Total (50) (17.8) 
Both traps sprung 
One containing a mouse 
Each containing a mouse 
15 
(8) 4 
5.4 ) ) 
(2.8) 1.4 ) 
6.8 (all 
mice) 
Other causes' 17 6.1 6.1 
Sub Total (36) (12.9) 
Totals 86 30.7 
Couple-sets (280) 
Only one trap sprung 
Containing a mouse 35 12.5 12.5 
Other causes 26 9.3 9.3 
Sub Total (61) (21.8) 
Both traps sprung 
One containing a mouse 
Each containing a mouse 
7 
(10) 5 
2.5 ) 
(3.6) 1.8 ) 
4.3 (all 
mice) 
Other causes 7 2.5 2.5 
Sub Total (19) (6.8) 
Totals 80 28.6 
Table 27c A comparison of captures, by genera, in mbaited-sots versus baited-sets in various areas 
of lovra.dui'ing suinraer months, 1961-1962. 13 traplines 
Unbaited-sets Baited sets 
Location 
vicinity 
Ruthven Unit 
Union Slouth 
Pilot Knob 
Estherville 
Sub Totals 
Totals 
; to o to ri w 
K .5 t g to 
o u u o 0 
u c\5 o h p. 
o H •rl 0) CO m tS3 
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19 6 
10 1 
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7 11 
38 18 
I 
I 0 
1 
18 
13 
h 
35 
2 
k 
X 0) 
B| 
1^ CO 
7 
7 
3 
5 
7 
15 
to 
ta P 
c 4) 
•H o 
h u W o 
m 
1 
h 
1 
1 
7 
to 
n 
o 
p 
e to 
o 0 h P to 
m CO pi 
Pi to a 
108 
13 5 3 
- 3 2 
.X — — 
— ill "* 
Ih 22 5 
67 
h 
k 
to 
1 
m 
i 
I 
69 720 
k2 h20 
h 60 
60 303 
N) 
N 
175 1500 
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Table 28. Classification of all causes for sprung traps in ccxparing 
unbaited-sets versus baited-sets 
Situation 
n 
a m CD 
tiO •o 
o f3 ei 
k O a 
EH CO 
g 
K1 i—î Xi O 
U -P 
•H •rl 
« CJ 
iH 
i 
s 
Uabaited-sets (7^ 0) 
Number of times trap ?,'as sprung 16 
Baited-sets ( 7 $ 0 )  
Number of times trap was sprœag 20 
Totals 36 
3 
1: 
1 
1 
16 
17 
90 
106 
196 
I^ncludes possible causes such as showers, dew, wind, insects, 
vegetation, large aniiaals, and escapees. 
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Table 29. Frequency of occurrence (absolute values) of food items in 
stomachs of I50 Clethrionomys (C), 63 Peromyscus (?) and 32 Zapus (Z) 
(for years 1962-1966, in all areas) 
(0 
Food .3 June July August Sept. Oct.-
Item K 16-30 1-15 16-31 1-15 16-31 Feb. 
CO 
Mushrooms C 
P 
z 
9 1 18 6 
2 
3 1 
Blackberry c 
? 
z 
4 
1 
1 
8 
1 
5 
Desmodiura 
slutinosum 
c 
p 
z 
7 
5 
Seeds 
(unidentified) 
c 
p 
z 
2 
2 
4 
k 
3 
2 
1 
8 
6 
3 
1 
4 
3 
6 
Stem parts c 19 11 8 4 1 4 
Acorns, Hazel p 
z 
2 4 6, 5 
Small fruit 
(unidentified) 
c 
p 
z 1 
2 
4 3 
. 1 
1 
2 
1 
1 
Veg, matter 
(unidentified) 
c 
p 
7 
1 
22 
6 
1 
6 
3 
2 
1 
8 
1 
Unidentified z 2 7 5 1 ' 
Animal parts 
(larvae, 
insects, 
centipede s) 
c 
p 
z 
2 
3 
2 
6 
1 
1 
1 6 
1 
2 
5 
1 
1 
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Table 0^. Daily captures, by genera, en the moving line quadrat at 
forest-old-fiald boundary, Pilot Knob State Park 
1966 
Date 
II 
I' 
I 
g-
Cs3 
II 
S! 
-P O 
H 
Line nunbers 
in operation 
Aug, 22 
23 
21; 
25 
26 
27 
26 
29 
30 
31 
Sept. 1 
2 
3 
ii 
5 
6 
7 
8 
Totals 
h 
1 
1 
1 
1 
1 
15 
2 
ii 
2 
3 
2 
3 
2 
1 
21 
1 
2 
3 
1 
1 
h 
2 
2 
2 
h 
1 
3 
3 
1 
30 
2 
1 
1 
1 
3 
2 
2 
1 
1 
3 
1 
1 
2 
1 
1 
23 38 
11 
6 
1 
2 
2 
1 
3 
3 
ii 
2 
1 
2 
15 
15 
2 
6 
9 
7 
11 
11 
7 
10 
6 
7 
h 
7 
1 
h 
h 
1 
127 
6 
6 
6 
6 
6 
6 
6 
6 
6 
7 
7 
7 
7 
7 
7 
7 
7 
7 
8 
8 
8 
8 
8 
8 
8 
8 
8 
9 
9 
9 
9 
9 
9 
9 
9 
Q) 9 
•H k 
•H £0 0 w 
U 0) 13 «o p. 0 0 0 0 P 0 c +) p: is 0 0 0 0 0 
•p 0) 
-P -p p: C c 0 bO •H •H 
g 
0 H 0 0 OJ C\J 
